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SPECIAL REDUCED RATES FOR YALE ALUMNI 


EIGHTH ANNUAL TOUR PROGRAM-1972 


This unique program of tours is offered 
to alumni of Harvard, Yale, Princeton, 
Cornell, Dartmouth, Univ. of 
Pennsylvania and certain other distin¬ 
guished universities and to members of 
their families. The tours are based on spe¬ 
cial reduced air fares which offer savings 
of hundreds of dollars on air travel. These 
special fares, which apply to regular jet 
nights of the major scheduled airlines but 
which are usually available only to groups 
and in conjunction with a qualified tour, 
are as much as $500 less than the regular 
air fare. Special rates have also been ob¬ 
tained from hotels and sightseeing com¬ 
panies. 

The tour program covers areas where 
those who might otherwise prefer to travel 
independently will find it advantageous to 
travel with a group. The itineraries have 
been carefully constructed to combine the 
freedom of individual travel with the con¬ 
venience and savings of group travel. 
There is an avoidance of regimentation 
and an emphasis on leisure time, while a 
comprehensive program of sightseeing en¬ 
sures a visit to all major points of interest. 
Hotel reservations are made as much as a 
year and a half in advance to ensure the 
finest in accommodations. 


EAST AFRICA 

22 DAYS $1699 

A luxury "safari” to the great national 
parks and game reserves of Uganda, Kenya 
and Tanzania. The carefully planned itin¬ 
erary offers an exciting combination of 
East Africa’s spectacular wildlife and 
breathtaking natural scenery: great herds 
of elephant and a launch trip through 
hippo and crocodile in MURCHISON 
FALLS NATIONAL PARK; multitudes of 
lion and other plains game in the famed 
SERENCETI PLAINS and the MASAI- 
MARA RESERVE; the spectacular con¬ 
centration of wildlife in the NGORON- 
GORO CRATER; tree-climbing lions 
around the shores of LAKE MANYARA; 
the AMBOSELI RESERVE, where big 
game can be photographed against the 
towering backdrop of snow-clad Mt. Kili¬ 
manjaro; and the majestic wilds of TSAVO 
PARK, famed for its elephant and lion as 
well as its unusual Mzima Springs. Also in¬ 
cluded are a cruise on LAKE VICTORIA 
in Uganda and visits to the fascinating 
capital cities of KAMPALA and NAI¬ 
ROBI. The altitude in East Africa provides 
an unusually stimulating climate, with 
bright days and crisp evenings (frequently 
around a crackling log fire), and the tour 
follows a realistic pace which ensures a full 
appreciation of the attractions visited. 
Total cost is $1699 from New York. Op¬ 
tional extensions are available to the 
famed VICTORIA FALLS, on the mighty 
Zambezi River between Zambia and Rho¬ 
desia, and to the historical attractions of 
ETHIOPIA. Departures in January, Feb¬ 
ruary, March, May, June, July, August, 
September, October, November and De¬ 
cember 1972 ($25 additional for depar¬ 
tures in June, July, August). 



MUM; the marble city of EPHESUS; the 
ruins of SARDIS in Lydia, where the royal 
mint of the wealthy Croesus has recently 
been unearthed; as well as CORINTH, 
EPIDAUROS, IZMIR (Smyrna) the BOS 
PORUS and DARDENELLES. The cruis. 
through the beautiful waters of the Ae¬ 
gean will visit such famous islands as 
CRETE with the Palace of Knossos; 
RHODES, noted for its peat Crusader 
castles; the windmills of picturesque MY¬ 
KONOS; the sacred island of DELOS; 
and the charming islands of PATMOS 
and HYDRA. Total cost is $1329 from 
New York. Departures in April, May, July, 
August, September and October, 1972. 


THE ORIENT 

30 DAYS $1759 

1972 marks the eighth consecutive year 
of operation for this outstanding tour, 
which offers the greatest attractions of the 
Orient at a sensible and realistic pace. 
Twelve days are devoted to the beauty of 
JAPAN, visiting the ancient “classical” city 
of KYOTO, the modem capital of TOKYO, 
and the lovely FUJI-HAKONE NA¬ 
TIONAL PARK, with excursions to an¬ 
cient NARA, the magnificent medieval 
shrine at NIKKO, and the giant Daibutsu 
at KAMAKURA. Visits are also made to 
BANGKOK, with its glittering temples and 
palaces; the fabled island of BALI, con¬ 
sidered one of the most beautiful spots on 
earth; the ancient temples near JOGJA¬ 
KARTA in central Java; the mountain- 
circled port of HONG KONG, with its free 
port shopping; and the cosmopolitan 
metropolis of SINGAPORE, known as the 
“cross-roads of the East.” Tour dates in¬ 
clude outstanding seasonal attractions in 
Japan, such as the spring cherry blossoms, 
the beautiful autumn leaves, and some of 
the greatest annual festivals in the Far 
East. Total cost is $1759 from California, 
$1965 from Chicago, and $2034 from New 
York, with special rates from other cities. 
Departures in March, April, June, July, 
September and October 1972. 

AEGEAN ADVENTURE 

22 DAYS $1329 

This original itinerary explores in depth 
the magnificent scenic, cultural and his¬ 
toric attractions of Greece, the Aegean, 
and Asia Minor—not only the major cities 
but also the less accessible sites of ancient 
cities which have figured so prominently 
in the history of western civilization, com¬ 
plemented by a luxurious cruise to the 
beautiful islands of the Aegean Sea. 
Rarely has such an exciting collection of 
names and places been assembled in a 
single itinerary—the classical city of 
ATHENS; the Byzantine and Ottoman 
splendor of ISTANBUL; the site of the 
oracle at DELPHI; the sanctuary and sta¬ 
dium at OLYMPIA, where the Olympic 
Games were first begun; the palace of 
Agamemnon at MYCENAE; the ruins of 
ancient TROY; the citadel of PERGA- 


MOGHUL ADVENTURE 

29 DAYS $1725 

An unusual opportunity to view the 
outstanding attractions of India and the 
splendors of ancient Persia, together with 
the once-forbidden mountain kingdom of 
Nepal. Here is truly an exciting adven¬ 
ture: India’s ancient mounuments in 
DELHI; the fabled beauty of KASHMIR 
amid the snow-clad Himalayas; the holy 
city of BANARAS on the sacred River 
Ganges; the exotic temples of KHAJ- 
URAHO; renowned AGRA, with the Taj 
Mahal and other celebrated monuments 
of the Moghul period such as the Agra 
Fort and the fabulous deserted city of 
Fatehpur Sikri; the walled “pink citv” 
of JAIPUR, with an elephant ride at th< 
Amber Fort; the unique and beautiful 
“lake city” of UDAIPUR; a thrilling flight 
into the Himalayas to KATHMANDl, 
capital of NEPAL, where ancient palaces 
and temples abound in a land still rela¬ 
tively untouched by modem civilization. 
In PERSIA (Iran), the visit will include 
the great 5th century B.C. capital of 
Darius and Xerxes at PERSEPOLIS; the 
fabled Persian Renaissance city of ISFA¬ 
HAN, with its palaces, gardens, bazaar 
and famous tiled mosques; and the mod 
em capital of TEHERAN. Outstandin; 
accommodations include hotels that once 
were palaces of Maharajas. Total cost is 
$1725 from New York. Departures in 
January, February, August, October and 
November 1972. 


Rates include Jet Air, Deluxe Hotels, 
Most Meals, Sightseeing, Transfers, 
Tips and Taxes. Individual bro¬ 
chures on each tour are available. 


For Full ALUMNI FLIGHTS ABROAD 

n .. White Plains Plaza 

Uetai s One North Broadway 
Contact: White Plains, N.Y. 10601 
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1. Gas turbine drive—turbomachinery performance testing. 

2. Centrifugal compressor stage performance testing. 

3. Data acquisition system. 

4. Balancing of rotor system. 

5. Radial compressor performance testing. 

6. Turbocharger performance investigation. 

7. Centrifugal compressor discharge volute test. 

8. Supersonic combustor test rig. 

9. Gas chromatograph instrumentation. 

10. Impeller dimension inspection. 

11. Flow visualization test via hydrogen bubbles. 

12. Aircraft gas turbine combustor emission investigation. 


16e Add led. , . 

of product development comes when you 
place the prototype component on test for the first time in the laboratory. 
NREC maintains extensive experimental facilities for turbomachinery and 
gas turbine testing which can be made available on relatively short notice 
to interested organizations. If you are interested in further details on our 
facilities, please write to the Marketing Department, Northern Research and 
Engineering Corporation, 219 Vassar Street, Cambridge, Massachusetts 
02139, or call 617 491-2770. 


Northern Research and Engineering corporation 

PRINCIPAL OFFICES are located in Cambridge, Massachusetts and London, England. 
SALES REPRESENTATION in Washington, D. C., and Grenoble, France. 
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FEATURES 


• Interest is compounded 
daily from day of deposit 
to day of withdrawal 


• We guarantee to pay not 
less than 5% interest per 
annum —the highest the 
law now allows-through 
December 31,1980 for 
funds on deposit. 


• If a higher rate is per¬ 
mitted, it is our policy to 
pay such higher interest 
rate for such funds on 
deposit. 


• Open an account with as 
little as $100 and make 
deposits in any amount at 
any time up to a maximum 
of $50,000. 


• Make withdrawals in any 
amount, without prior 
notice, on the 10th day of 
January, April, July, or 
October, or within 7 days 
following one of these 
dates, if your money has 
been on deposit for at 
least 90 days. 


• Or make withdrawals on 
any date by giving a 
90-day written notice. 


• Free postage-paid bank- 
by-mail envelopes. 


• Your choice of Passbook 
or Statement account. 


Deposit 
your money 

today..* 

... and we g uarantee to 
pay not less than 5% 
interest per annum through 

December 31,1980 


At Harvard Trust, no matter what happens to future interest 
rates on savings, we guarantee to pay you not less than 5% 
interest through December 31,1980, on funds deposited now 
in our Blue-Chip Plus 90-Day Notice Account 

Mail the coupon, or come into any of our offices, and open 
your account today. 




Mail to: Harvard Trust Company, P.O. Box 300B, Cambridge, Mass. 02139 


Please open a Blue-Chip Plus □ Passbook □ Statement Account 
at this Harvard Trust office-- 


1 
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HARVARD TRUST COMPANY 

Cambridge. Arlington. Belmont, Lexington, Concord. Littleton 
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First Line 


A New Look of Science 

Many of Technology Review's readers 
made their first acquaintance with tech¬ 
nology in an era when science and en¬ 
gineering—in contrast to most other hu¬ 
man preoccupations—were considered to 
be “exact,” capable of wholly rational, 
quantitative analysis in which emotional 
and political issues could—and should— 
play no part. The sciences have not 
changed; but any theory which proclaims 
their nonpolitical isolation from world 
contentions and prejudices is revealed 
as illusion. 

Even in the months since this volume 
of Technology Review began, the evi¬ 
dence is overwhelming: 

□ The most obvious and dismal example 
occurs in the effort of the Operations 
Research Society of America, to develop 
an expression of ethics which will 
uniquely serve practitioners of operations 
analysis. The Society’s project turned 
into an attack on three non-members 
who sought to question a series of con¬ 
clusions drawn from classified data on 
A.B.M. defensive installations and from 
estimates of offensive capabilities. The 
Society’s purpose may have best been 
served when Joseph Alsop preached the 
warning that "a great deal of the more 
left-wing 'scientific' evidence must now 
be expected to be as a ram's horn.” 

□ Though the Congress approved and 
appropriated it, the Office of Management 
and Budget is withholding over $30 mil¬ 
lion from the National Science Founda¬ 
tion for its institutional programs. Is 
it an effort to control government spend¬ 
ing and so to tame the nation's infla¬ 
tion, or is it a more political move to 
reduce the government’s commitment to 
graduate-level excellence in science and 
technology? 

□ There was never anything “secret" In 
the military sense about the final report 
of the Office of Science and Technology, 
ad hoc supersonic transport review com¬ 
mittee submitted to O.S.T. on March 30, 
1969. But it was not released for public 
discussion until September, 1971, several 
months after Congress, supposed to be 
responsive to an informed public opinion, 
had made its S.S.T. decision. The report, 
as it turned out, advised ending the S.S.T. 
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project for reasons having to do with 
both technical and economic uncertainty. 
□ Environmental Impact Statements are 
now required before work can proceed 
on many federally funded engineering 
and development projects, and the litera¬ 
ture of environmental control abounds 
with data about expanding airports and 
highways, "clearing and snagging” water¬ 
ways, and sales of government property 
for development. But the Environmental 
Impact Statement covering one of the 
largest government-funded engineering 
enterprises—the Cannikin nuclear test in 
the Aleutians—remained classified in 
whole, despite an international public 
need for the best scientific estimates of 
the test’s potential for damage. 

A longer recital of events and circum¬ 
stances could only add evidence to the 
proposition that science is now tightly 
held by circumstance and exploitation 
to many partisan political issues. The 
vision of the scientist in his curtained 
laboratory, insulated from the world of 
which he seeks the truth, may always 
have been apocryphal; it is now a full- 
fledged myth. That scientists—and their 
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institutions—must have special roles in 
the political arena is now self-evi¬ 
dent.-—J.M. 


The Editors’ 
Desks 


Energy Technology 

In this issue the Review concludes its 
special series on “Energy Technology to 
the Year 2000” which has been a feature 
of the first three numbers of Volume 74. 
We think it has been an important re¬ 
view of what the Editor has chosen to 
describe as “the ultimate confrontation” 
between technology and the limits of the 
earth’s environment, and so we've ar¬ 
ranged to collect the ten articles of the 
series in a paperback book. As this issue 
of the Review reaches readers, copies 
of “Energy Technology to the Year 2000” 
are ready in Cambridge at $1.95 each. 
Write to the Review at Room El9-430, 
M.l.T., Cambridge, Mass., 02139. 

The Westinghouse Award 

We record with pride that the articles 
by Victor K. McElheny published as "Na¬ 
tional Report” in Volume 74 of Tech¬ 
nology Review have been awarded hon¬ 
orable mention in the annual competi¬ 
tion for the Westinghouse Award in sci¬ 
ence writing. The Award, provided by 
the Westinghouse Educational Founda¬ 
tion and administered by the American 
Association for the Advancement of Sci¬ 
ence, is among the most prestigious for 
U.S. science writing; the citation was 
given to Mr. McElheny—who is Science 
Editor of the Boston Globe —during the 
annual meeting of the A.A.A.S. in 
Philadelphia at the end of December, 
1971. 

Talent Available 

Readers of Technology Review may re¬ 
call a series of "situations wanted” an¬ 
nouncements under the heading "Talent 
Available” in the last issues of Volume 
73; these were published to supplement 
the continuing efforts of the Institute’s 
Alumni Placement Office to help bring 
new opportunities to the attention of 
M.l.T. graduates who might best capi¬ 
talize on them. 

That “Talent Available" no longer ap¬ 
pears in the Review is not because there 
is a sudden dearth of graduates seeking 
new opportunities. It is instead because 
the Alumni Placement Office has found 
a faster and apparently more efficient 
means of matching jobs and talents. This 
takes the form of a periodical "Bulletin 
of Available Graduates,” copies of which 
are available without charge to potential 
employers among the Review's readers. 
Write to the Editors, or directly to the 
Alumni Placement Office, Room El 9-455, 
M.l.T., Cambridge, Mass. 02139. 


Authors 


Richard A. Carpenter 

National Goals and Environmental Laws, 
pp. 58-63 

studied organic chemistry at the Uni¬ 
versity of Missouri and served with the 
Shell Oil Co., Midwest Research Insti¬ 
tute, and Callery Chemical Co. (a sub¬ 
sidiary of Gulf Oil Corp.) before join¬ 
ing the Library of Congress in 1964. 
His paper is based on a presentation 
made at M.l.T. early in 1971. 

Hoyt C. Hottel and Jack B. Howard 

An Agenda tor Energy, pp. 38-48 
are colleagues in the M.l.T. Department 
of Chemical Engineering, with which Pro¬ 
fessor Hottel has been associated for 
40 years and Professor Howard for six. 
The article in this issue makes it obvious 
that Professor Hottel’s retirement from 
full-time faculty status in 1968 was only 
theoretical; he had previously been Car¬ 
bon P. Dubbs Professor of Chemical 
Engineering, Director of the Fuels Re¬ 
search Laboratory, and—for many years 
—Chairman of M.I.T.’s Research Com¬ 
mittee on Solar Energy. Professor Howard 
came to M.l.T. from Pennsylvania State 
University following completion of his 
Ph.D. The paper by Professors Hottel and 
Howard is based on the first chapter of 
their book, New Energy Technology — 
Some Facts and Assessments, just re¬ 
leased by the M.l.T. Press; and that book, 
in turn, results from a study sponsored 
at M.l.T. by the National Science Founda¬ 
tion through Resources for the Future, 
Inc. 

Lawrence M. Lidsky 

The Quest for Fusion Power, pp. 10-21 
has been concerned with plasma genera¬ 
tion and acceleration (his Ph.D. thesis 
title, 1962) since coming to M.l.T. as 
a graduate student in 1958. 

William W. Lowe 

Creating Power Plants, pp. 22-30 
has been a senior partner in Pickard, 
Lowe and Associates (consultants in the 
nuclear power field in Washington, D.C.) 
since 1956. He was a staff member at 
the Los Alamos Scientific Laboratory dur¬ 
ing World War II and later Chief of the 
Atomic Energy Commission’s Nuclear En¬ 
gineering Section at Hanford, Wash., and 
Chief Nuclear Engineer at the Bath Iron 
Works before entering consulting work. 
Mr. Lowe’s paper in this issue of the 
Review is based on his presentation 
before an alumni seminar at M.l.T. In 
the spring of 1971. 

Richard A. Rice 

System Energy and Future Transporta¬ 
tion, pp. 31-37 

joined Carnegie-Mellon University two 
years ago as Visiting Professor in the 
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Transportation Research Institute after a 
20-year career in the transportation in¬ 
dustry which culminated with service as 
Director of Research for the Greyhound 
Corp. and as an independent consultant. 
His Technology Review article is a con¬ 
densation of a paper prepared for the 
Energetics Division of the American So¬ 
ciety of Mechanical Engineers. 

Stewart W. Wilson 

Interactive Lectures, pp. 50-57 
began his experiments in technologically- 
aided learning as a graduate student at 
M.l.T. (Ph.D., 1967) in association with 
Edwin H. Land, President of Polaroid 
Corp. His work continues under the aus¬ 
pices of Polaroid, and many M.l.T. stu¬ 
dents continue to participate In his ac¬ 
tivities. 


Letters 


Welcome to Antediluvianism 

The new format of Number 1 of Volume 
74 is most attractive. Is the three-column, 
justified-margins typography only for spe¬ 
cial inserts? 

Frederic W. Nordsiek 
Coordinator of Research 
St. Luke’s Hospital Center 
New York, N.Y. 

Typographically, I know I belong to the 
antediluvian period, but . . . Wel¬ 

come back, say I, to justified lines and 
serifs in the new Technology Review! 
Corbin Gwaltney 
Editor 

Chronicle of Higher Education 
Washington, D.C. 

To Dr. Nordsiek, the answer: No. — Ed. 

Up the Over-30 Generation 

I presume your “First Line” (pp. 3-4) in 
the October/November issue was written 
to nettle your readers, and, I must say, 
you did a good job. However, this is not 
your primary function. Indeed, I resent 
such a callow, irresponsible, and arro¬ 
gant article in such a prominent place in 
Technology Review. You surely do not 
believe that the twaddle about “the wis¬ 
dom of the generation that is still under 
30” is the thinking of M.l.T. men! 

May I recommend some humility and 
some respect for the views of such a 
man as Mr. Pusey, even though over 30? 
Paul Ivancich 
Washington, D.C. 

I resent your slur on the over-30 gen¬ 
eration in the October/November issue 
of the Review. Since your wrath includes 
Harvard’s President Emeritus you have 
at least put me in good company. 

You talk about social conscience. I 
would guess that with that term you also 
include disavowal of discrimination. By 


what magic do you then come to the con¬ 
clusion that the under-30 age group is 
superior to the rest of the citizenry? 

Your clincher about the Urban Vehicle 
Design Competition symposium in To¬ 
ronto is about as ill-chosen as proof of 
the wisdom of present-day youth as can 
be. Did you know that youth was ever 
thus? And ever will be, when you are 
defending your bread and butter by be¬ 
ing a 50-year old faithful servant of what¬ 
ever establishment is then keeping you? 
What bothers me is not your personal 
attitude (you are entitled to your opinions 
even if they are discriminatory), but that 
you use a journal such as Technology 
Review to sound off in terms that are 
largely polemical. This reflects itself in 
much of what the journal prints. I resent 
its attitude and tone, as if engineers are 
dedicated to pollution, congestion, main¬ 
tenance of poverty and uglification, at 
least those engineers who have passed 
the one score and ten demarcation line. 
You might be well advised to address 
yourself to the eventual consequence of 
your line of thinking, namely that tech¬ 
nology per se must be curbed or made 
to whither if whatever life style your 
philosophy implies is to become reality. 

W. E. Meyer 
State College, Pa. 

The Editor hopes it sett-evident to most 
Review readers that he is not among 
those who, believing technology to be 
the source of most social ills, propose 
ending scientific and engineering change 
in order to solve the presumably asso¬ 
ciated problems. And he admits his ob¬ 
servation of the "under-30" generation 
to have been largely limited to the aca¬ 
demic community which centers at M.l.T. 

Your editorial in the October/November 
issue ("The First Line," pp. 3-4) sounds 
as If it were the product of some enthusi¬ 
astic girl friend of a mechanical engi¬ 
neering student. The authentic thrill over 
the experience of actually seeing several 
hundred boys interested in what they 
were doing and, even more, the astonish¬ 
ment that they were willing to get their 
hands dirty in the process must surely 
have taken place in some young female 
bosom. It was rather sweet—but surely 
more suited to Seventeen than to Tech¬ 
nology Review. 

Marion R. Hart 
Washington, D.C. 


Science Review 


Robert C. Cowen 


The Promised Land of Fusion 

Buoyed by several years' progress, re¬ 
searchers call the laboratory demonstra¬ 
tion of controlled thermonuclear fusion 
a dream whose time has nearly come 


(see "The Quest tor Fusion Power," 
by Lawrence M. Lidsky, pp. 10-21). But 
if you go in for that kind of optimism 
your best reason for hope lies in the 
fact that fusion is at last finding a politi¬ 
cal constituency. 

From the physics viewpoint, the ques¬ 
tion indeed is “when," not “whether." 
"When," depends more on money than 
on the experimenters’ skills. Plasma phy¬ 
sicists could putter on the brink of self- 
sustaining fusion for decades at their 
present level of effort. Fortunately, in 
America at least, environmentally-con- 
scious voters are badgering Congress to 
give fusion workers what they need to 
get on faster with their job. 

Senator John O. Pastore of Rhode Is¬ 
land says he and many of his colleagues 
are flooded with letters from people who 
see fusion as a potential power source 
that would be soft on the environment. 
They realize it would produce no hard- 
to-manage radioactive wastes as do fis¬ 
sion power plants. It should cause mar¬ 
ginally less heat pollution, too. Some 
voters and some members of Congress, 
misinformed as to the state of the art, 
suggest abandoning further fission power 
development in favor of an all-out effort 
on fusion. 

Admitting this to be misguided, admitt¬ 
ing the need to develop breeder reactors 
to fill the gap before fusion power could 
become commercial, how much more 
money will it take to push ahead with 
all deliberate speed? That, Senator Pas¬ 
tore says, is the question his constituents 
keep asking. At hearings of the Congres¬ 
sional Joint Committee on Atomic En¬ 
ergy in November, he and other com¬ 
mitteemen zeroed in on this point. 

Under the not-unwelcome pressure of 
such questioning, U.S. Atomic Energy 
Commission witnesses admitted their fu¬ 
sion program to be underfed but sci¬ 
entifically primed for takeoff. Roy W. 
Gould, who heads that program, said 
that, with enough new money, self-sus¬ 
tained fusion could well be running by 
this decade’s end, if not before. That 
seems to be the consensus among fu¬ 
sion workers around the world. Given 
the greatly increased funding then 
needed to produce a working reactor, 
and lots of luck, the first demonstration 
fusion power plant might be ready by 
the mid-1990’s, Dr. Gould estimated. He 
took care, though, to emphasize the un¬ 
reliability of any timetable he might try 
to work out now for such a develop¬ 
ment. It involves a lot of unknowns. 
Congress doesn’t seem to mind this 
kind of uncertainty. The Joint Committee 
wanted a feel for the physicists' sense 
of where they stand, not a commitment 
as to long-range performance. Its mem¬ 
bers sense enough scientific promise— 
and feel enough pressure from back 
home—to abandon the indifference they 
have had toward fusion in recent years. 

Closing the Gap 

That promise grows out of striking prog¬ 
ress made toward laboratory fusion. In 
his article elsewhere in this issue, Pro¬ 
fessor Lidsky describes the figure of 
merit developed by British physicist J. D. 
Lawson which attempts to say how dense 
a plasma must be and how long it must 
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stay together to produce at least as 
much energy as it consumes. Half a 
decade ago, laboratories seemed bogged 
down several orders of magnitude be¬ 
low that level. Today, as Professor Lidsky 
notes, many of the experiments have 
come within roughly a factor of a hun¬ 
dred. 

Researchers won’t close the gap be¬ 
tween current achievements and Dr. Law¬ 
son's criteria with their present machines. 
Not even the newest ones are designed 
for this. They will refine our knowledge 
of plasma control. They will further test 
the scaling laws physicists are using to 
predict how their plasmas would behave 
in machines designed for break-even 
fusion. But we will need a new genera¬ 
tion of experiments to try to attain this 
goal of a break-even reaction. This, Dr. 
Gould explains, is why physicists need 
more money now. It would not only 
enable them to pursue present research 
lines faster, but it would let them start 
construction of advanced machines in 
time to have them running before 1980. 

At the Geneva Atoms for Peace Con¬ 
ference last September, retiring A.E.C. 
Chairman Glenn Seaborg said he thought 
fusion programs in all countries could 
easily use double their present budgets. 
Not wishing to be too specific on a 
matter his agency must negotiate with 
the budget planners, Dr. Gould cited 
an independent study. This suggests that 
the American program could effectively 
use an increase that doubled the present 
$33-million A.E.C. fusion budget over 
the next three years, then redoubled it 
over the ensuing three years. 

The A.E.C. Division of Military Applica¬ 
tion also supports SB-million worth of 
research in laser-induced fusion. In this, 
highly energetic laser beams trigger the 
fusion reaction. While this work hints of 
long-term possibilities from the sidelines, 
the various forms of "magnetic bottles” 
described by Professor Lidsky now have 
the field. Thus a doubling of Dr. Gould’s 
$33-million budget seems the kind of 
boost now talked about. 

To judge from the attitudes of Joint 
Committee members, Congress seems 
disposed to give the A.E.C. whatever 
it thinks the fusion program can profitably 
absorb. Dr. Gould says the trouble may 
come in convincing the administration 
to raise fusion’s priority a little. Yet, even 
there, the attitude seems to be changing. 
Presidential Science Adviser Edward E. 
David, Jr., says he's convinced it's time 
to put more money into fusion. So by 
this time next year, the somewhat ema¬ 
ciated look of America's fusion program 
may be disappearing, if it is not yet 
entirely gone. 

What Will the Millions Buy? 

In a field so fraught with hope 
yet bedeviled by physical limitations, it's 
important to remember just what a vigor¬ 
ous long-term fusion program might give 
us. Fusion promises power from a vir¬ 
tually inexhaustible fuel supply in a form 
least harmful to the environment, but 
even a completely successful develop¬ 
ment of deuterium-tritium (D-T) fusion 
could not truly fulfill that promise. 

Deuterium accounts for about one atom 
in every 7,000 of earth’s hydrogen. The 


half gram of deuterium in a gallon of 
water has the fusion energy equivalent 
of 300 gallons of gasoline. And it cur¬ 
rently costs about four cents to extract 
that deuterium. Doubly heavy hydrogen 
truly is a superabundant fuel, probably 
adequate for millions of years. But tritium 
exists only to about one part in 10 18 in 
the hydrogen of earth’s waters. To use 
it for fusion, we will have to make it by 
irradiating lithium with neutrons in the 
fusion reactor itself. So lithium limits 
the fuel for fusion power. Some en¬ 
thusiasts note that there's enough lithium 
in the upper kilometer of the crust to 
meet massively escalated energy needs 
for millions of years. Short of draconian 
measures to scalp the earth, however, 
much of this just won’t be available. 
Dr. Gould puts reasonable supplies at 
about the level of today's reserves of 
fossil fuels, far short of the limitless 
fuel of the fusion vision. 

D-T fusion won't offer the ultimate in 
environmental protection either. A neu¬ 
tron carries off most of the reaction’s 
energy. Its energy, in turn, must be de¬ 
graded to heat which can be transferred 
to a customary heat-cycle electric gen¬ 
erator. Because it operates at higher 
temperatures than fission plants, this 
cycle may run at an efficiency of 50 to 
55 per cent compared to the 35 to 40 
per cent expected of a breeder reactor 
plant. While it will cause less heat pol¬ 
lution, the saving won’t be dramatic. 

Lithium conveniently can play a dual 
role of energy converter and tritium gen¬ 
erator. Surrounding the reactor in a 
blanket, it will absorb escaping neutrons; 
as it does so the lithium will heat up and 
transform into tritium and helium. This 
conversion will also release heat to add 
25 per cent to the reactor’s output. Such 
a fusion reactor has only one ten-thou¬ 
sandth to a millionth the potential radio¬ 
active risk of a fission plant with its 
“hot” waste products. Yet a fusion re¬ 
actor's radioactive tritium will have to 
be kept out of the environment. Both 
economics and safety considerations will 
force engineers to extraordinary efforts 
to contain and recover this valuable ma¬ 
terial. Unlike a fission plant, the fusion 
reactor cannot have a run-away chain 
reaction. But were it to lose cooling, the 
residual heat In the lithium blanket could 
melt containment walls. Loss of cooling 
to cryogenic magnets could induce 
powerful mechanical stresses. This will 
be the type of "maximum credible ac¬ 
cident" with which the reactor de¬ 
signers must cope. 

Only through the reaction by which 
deuterium fuses to deuterium (D-D) can 
we fully realize the fusion dream. This 
would indeed tap the practically inex¬ 
haustible fuel supply. The reaction yields 
30 to 40 times the energy needed to 
induce fusion. This compares to a gain 
of 1,750 plus the 25 per cent bonus of 
lithium conversion for the D-T process. 
Yet with deuterium so abundant, the 
lower D-D yield doesn’t seem a signifi¬ 
cant handicap. Furthermore, electrically 
charged particles carry away most of the 
D-D reaction energy. Probably their 
energy could be converted directly to 
electricity with high efficiency—a power 
source with relatively little radioactive 


by-product and minimal heat pollution. 

With a Lawson criterion ten times higher 
than D-T fusion, requiring a higher ig¬ 
nition temperature while releasing less 
energy, the D-D process waits off-stage 
today. When Congress thinks of stepping 
up fusion research, it is D-T development 
everyone has in mind. Two decades 
hence, after hard technical slogging and 
sustained expense, we may well stand 
on the threshold of the fusion power 
era. Yet when we step over that 
threshold, we may find it leads only to 
a way station on the incredibly long road 
to the promised land. 


Washington 

Report 

Victor Cohn 


“What About the Rights...?” 

Has the time come for society to regu¬ 
late science? 

Consider this event. A mongoloid boy 
was born at Johns Hopkins University 
Hospital. Common enough—mongolism 
or Downs' syndrome is the most com¬ 
mon cause of mental retardation. It oc¬ 
curs once in 600 births. 

This baby also had an intestinal ob¬ 
struction, however, that prevented him 
from receiving any nourishment. This 
could easily have been corrected by 
surgery, but the baby’s parents refused 
permission. 

They were told all the pertinent facts. 
Mongoloid children can lead happy, pro¬ 
ductive lives. They can learn simple jobs, 
though their IQ seldom tops 75. They are 
a focus of warmth and love in many 
families. 

The parents nonetheless said "no” to 
the surgery, explaining, "Why burden so¬ 
ciety with a mongoloid child? Why not 
let God's will be done?” 

The doctors consulted lawyers and 
judges, who said that no court would 
make the child a ward of the state—the 
only circumstance under which a judge 
could order the operation. It took 15 days 
for the baby to die, while, testified Dr. 
William Bartholme, senior assistant resi¬ 
dent in pediatrics and doctor in charge, 
“I tried not to look at the baby, and 
when I did, I didn't want to touch it. The 
nurses were full of horror and disbelief. 
The father would call and ask, 'How are 
things?' meaning ‘Did the baby die 
yet?' ” 

Dr. Robert E. Cooke, Pediatrician-in- 
Charge at Johns Hopkins, said of this 
case: "That’s certainly child abuse. It 
gets on the border of murder.” 

An unusual case? Not so very. Bar¬ 
tholme said that at least four times in the 
last five years at this hospital alone, 
parents have similarly allowed mongoloid 
children to die by denying permission 
for surgery. He said that similar life-and- 
death decisions are made at least twice 
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a week by doctors at this hospital. 
"Society,” added Dr. Cooke, "seems 
awfully unwilling to help us out of a 
jam." 

This bona fide example was presented 
in a 25-minute film during a compelling 
symposium on the ethics of medicine— 
and a search for solutions—sponsored 
last fall in Washington by the Joseph P. 
Kennedy Foundation. 

Child Defenders? 

Dr. Bartholme thought that “what we 
need is a group of people sophisticated 
enough In law, ethics, sociology and 
medicine to make this kind of decision,” 
instead of leaving it to parents and doc¬ 
tors. (Johns Hopkins now has such an 
advisory group.) 

Mrs. Sydney Callahan, psychologist and 
mother of several children, agreed. 
Parents should not have the right, she 
argued, to doom a child as though it 
were their “property.” Each person 
should be thought of as "belonging” to 
the human species, with “child de¬ 
fenders,” perhaps, to represent a baby 
versus his executioners. 

But Dr. Renee Fox, Professor of So¬ 
ciology at the University of Pennsylvania, 
said there are also dangers in the con¬ 
cept that we all must be our brother's— 
or child’s—keeper. Severe emotional 
problems have been triggered by the re¬ 
quest or demand of one member of a 
family that another sacrifice a kidney to 
save the first person's life. While some 
families have successfully accommodated 
a retarded child, others have been 
broken up. “What about the rights of 
our other children?”—this question was 
asked by the parents in the Johns Hop¬ 
kins case. 

Asked in Washington, such questions 
may be expected to generate political 
answers or responses. Sen. Walter F. 
Mondale (D-Minn.) and 16 senatorial col¬ 
leagues have proposed a joint Congres¬ 
sional resolution to create a 15-member 
National Advisory Commission on Health, 
Science and Society, with a $1 million 
budget to make a two-year study of such 
dilemmas. 

Mondale, a minister's son, has made 
such a proposal before, and in 1967 he 
even prompted a set of Senate hearings 
on the subject. They caused some, not 
much, comment. The largest notice was 
taken during the appearance of the 
glamorous Dr. Christiaan Barnard—his 
heart transplants were in their heyday. 
Barnard or not, the subject was soon 
forgotten. 

Does This Sound Frightening? 

One of these days, however, some new 
event—the birth of a test-tube baby? 
something else?—will take place some¬ 
place with the impact of an atom bomb, 
and all over the world everyone will say, 
"Why didn’t we talk about such things?” 
Biologist James D. Watson (of the 
double helix) passionately believes there 
should be "some form of international 
agreements" about whether or not to 
permit research leading to test-tube 
babies and cloned, biologically identical 
individuals "before the cat is totally out 
of the bag. If we do not think about the 
matter now,” he maintains, “the pos¬ 


sibility of our having a free choice will 
one day suddenly be gone.” 

Dr. Robert Edwards of Britain, a leading 
experimenter in test-tube conception, met 
Watson in debate in the Washington sym¬ 
posium, saying that the field is being 
investigated to help barren mothers have 
much-wanted children; that the "dogma 
that has entered biology from either com¬ 
munism or Christian sources has done 
nothing but harm”; and "we will do our 
transplants and go on with our work as 
we decide, not as anyone else decides.” 

Dr. Leon Kass of the staff of the Na¬ 
tional Academy of Sciences and Dr. Paul 
Ramsey, Princeton theologian, joined 
Watson in a call for a moratorium on 
such research. Dr. Howard Jones, Johns 
Hopkins obstetrician, compared such a 
call to the persecution of Galileo. 

In any case, hazarded Dr. Anne Mc¬ 
Laren of the University of Edinburgh, 
Scotland, babies produced in the test- 
tube and transplanted to mothers for their 
full growth and birth will be “a routine 
gynecological procedure within 20 
years.” 

In that case, said Watson, “There are 
going to be a lot of mistakes. What are 
we going to do with the mistakes . . . You 
can only go ahead if you accept the 
necessity of infanticide." 

Does this sound frightening? 

The fact is that infanticide is already 
being widely practiced in American so¬ 
ciety—in elective abortions, which the 
majority of us favor, and in the growing 
medical use of amniocentesis. (Fetal cells 
are drawn from the amniotic fluid to be 
tested for chromosomal abnormalities, if 
the doctor suspects they may be present. 
Mongolism is one that can be found.) 
Amniocentesis is often followed by abor¬ 
tion to prevent birth of an abnormal baby. 
We also widely tolerate: 

□ The incarceration—that’s what it 
amounts to—of thousands of the re¬ 
tarded and mentally ill in institutions 
where life can only be called mean and 
degrading. There are good institutions, 
too, but society usually isn’t willing to 
pay the bill for them. 

□ The sterilization of thousands of men 
and women, increasingly by voluntary 
choice to avoid producing babies, but 
also by law or judicial coercion or the de¬ 
cision of parents in the cases of many 
persons judged to be retarded or 
dangerous. 

□ The inoculation of retarded children 
(as at Willowbrook School on Staten 
Island, a New York state institution for 
the mentally retarded) with infectious 
hepatitis virus, deliberately infecting 
them. This study has been necessary 
over the past 15 years to develop a 
hepatitis vaccine. The children would all 
have been exposed to hepatitis virus 
anyway in this crowded little society, the 
experimenters explain. In every case, 
there was “informed consent" of the 
parents. Yet some critics believe that no 
one, not even a parent, has the right to 
consent to an experiment on anyone else. 

And If We Stopped? 

In many other medical experiments and 
investigative treatments today, informed 
consent is a dubious instrument. How, 
asks Dr. Henry Beecher of Harvard, can 


anyone give informed consent to a pro¬ 
cedure whose result no one can know? 

But how would we develop new vac¬ 
cines and new ways of medicine without 
human experiments? 

Has the time come for society to regu¬ 
late science? The question is rhetorical. 
To a degree, we are regulating science 
already—by setting innumerable rules for 
the uses of drugs and practices of physi¬ 
cians; by allocating funds for research 
and development, slighting some fields 
and stressing others; by laws and taboos 
and social and ethical sanctions. 

So far the talk about such matters has 
mainly been expert to expert. A Mondale 
commission might at least bring in the 
public. 


National Report 


Victor McElheny 


A Turn Away from 
Hot-Gospeling? 

Is it possible that our concern for the 
natural environment may be evolving 
away from hot-gospeling toward fact¬ 
seeking? Can it be that we are abandon¬ 
ing visions of apocalypse and beginning 
to assess, rationally, the environmental 
costs of a technologically-based, decent 
level of living for mankind? 

In the past few months, sober assess¬ 
ments like the Scientific American’s Sep¬ 
tember issue on energy and power, and 
the Stockholm Study of Man’s Impact 
on Climate, have appeared to offset slap¬ 
dash analyses epitomized by Barry Com¬ 
moner's new book, The Closing Circle. 
(The book argues that the U.S. needs 
to spend $600 billion junking that por¬ 
tion of its capital equipment now devoted 
to industries with an excessive potential 
for pollution. Commoner admits that this 
would use up most of our investment 
money for 25 years). 

Several errors and excesses of the en¬ 
vironmentalist movement—which seems 
to be based on a pessimism that origi¬ 
nates in political mistakes and a dizzying 
pace of social change—have recently 
been exposed. Fashionable doom-crying 
has, it is apparent, little factual support. 

It is becoming clearer than ever that 
the insecticide D.D.T. cannot be swiftly 
banned throughout the world without 
catastrophic retrogression of human 
health and food supply in poor countries, 
because malaria and agricultural pests 
will return. (Its use in the U.S. has 
steadily declined without legal penal¬ 
ties.) 

It has been seen that phosphates in 
detergents, while imposing a burden on 
some lake environments, cannot be 
banned outright in a society dependent 
on machine washing without running 
medical risks with caustic soda substi¬ 
tutes. In the absence of an acceptable 
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substitute for phosphates (the supply of 
natural oil soap meets only 40 per cent 
of the world's demand for cleaning com¬ 
pounds), laws totally banning phosphates 
will have to be modified. 

Meanwhile, serious research is just be¬ 
ginning into the contributions that phos¬ 
phates may actually make to pollution 
problems in various environments, and 
into the relative costs of removing them 
from cleaning compounds or from sew¬ 
age-treatment effluent (which contains 
human phosphates as well). 

Thoughtful Studies of the Air_ 

Most of our air pollution laws are based 
not on fact but merely on the presump¬ 
tion of pollution's impact on health— 
chiefly on a handful of extreme incidents 
in which people actually died—and on 
the aesthetic unpleasantness of smog. 

We do have some comparative studies 
from England of postmen (a control for 
occupation) showing that incidence of 
bronchial complaints in the country is 
less than in small towns and less in 
small towns than in big cities. But this 
sort of study needs to be done more 
widely and more thoroughly. 

The 1970 Clean Air Amendments man¬ 
date a reduction in automobile emissions 
of 90 per cent from 1970 levels of car¬ 
bon monoxide and hydrocarbons by 1975 
and the same reductions in oxides of ni¬ 
trogen by 1976. I believe there will be a 
huge eventual annoyance with the law, 
causing backlash relaxations of it or 
wholesale substitutions of simpler car- 
engines, as alternatives to the internal 
combustion engine become widely avail¬ 
able. 

Research into the assertion that carbon- 
dioxide or man-made particulates could 
alter global average temperatures up or 
down is taking the place of heated as¬ 
sertions that machine civilization is def¬ 
initely on a collision course with nature. 
And there is research to be done. 

There’s been a considerable jump up¬ 
ward in stratospheric ozone in the past 
10 years, when storms might well have 
breached the tropopause with an extra 
freight of oxides of nitrogen, from cars 
down on earth. But the arguments were 
pretty speculative. The late James Mc¬ 
Donald was imaginative enough to see 
the possibility that water vapor from 
S.S.T. engines could thin out the radia¬ 
tion-shielding stratospheric belt of ozone. 
Harold Johnston and Michael McElroy 
saw that oxides of nitrogen from the 
same source could be even more impor¬ 
tant for this. 

(The idea is abroad, ironically, that the 
environmentalists killed the S.S.T. Don't 
you believe it. The plane died for a lot 
of reasons, but basically it was uneco¬ 
nomic. Introducing a big fleet of Ameri¬ 
can S.S.T.’s would probably have raised 
seat-mile costs for all airplane travelers, 
reversing a trend in commercial aviation 
since its beginning and robbing passen¬ 
gers of the already visible benefits from 
the wide-body jets. In today’s political 
climate, you're not going to press on 
with subsidies for an airplane that will 
make it tougher for most voters to travel.) 

... And of Nuclear Safety 

Rational examination of costs and bene¬ 


fits is even breaking into the field of 
nuclear power plant safety, hitherto dom¬ 
inated by hobgoblin tales of massively 
increased incidence of cancer from radi¬ 
ation-releases and of heated lakes and 
oceans. 

It is becoming apparent that some quite 
simple things can be done in nuclear 
power plants to reduce still further the 
quite minute chances of dangerous re¬ 
leases of radioactivity from regular nu¬ 
clear plant operation or catastrophic ac¬ 
cidents. 

Richard Wilson, a Harvard physicist and 
the sort of man who asks for a dosage 
reading when he gets a personal x-ray, 
points this out. He thinks it’s pretty silly 
for a state like Massachusetts, which 
requires teachers to get chest x-rays 
under certain circumstances, to be ex¬ 
cessively worried about radiation risks 
from nuclear power plants—risks that 
are 1,000 times smaller. 

Some extra backup equipment, he says, 
will cut down the dangers from a sud¬ 
den loss of all coolant in the present 
generation of boiling and pressurized 
water reactors. Chambers can be built 
to hold stack gases or effluent water 
to allow more time for "decay" of tiny 
amounts of damaging radio-isotopes. 

To cut down the small risks attendant 
on transporting "spent” fuel elements, 
each nuclear power plant could be 
equipped with an exact duplicate of its 
radiation-shielding pressure vessel to 
store the elements for longer than a 
few months, perhaps forever. And if it 
seems simpler to transport wastes to 
a few central places, then we can cer¬ 
tainly force the turnpikes, the safest and 
fastest roads in the East, to abandon 
their idiotic restrictions against fuel ele¬ 
ment transport by truck. Do we really 
prefer sending the truck through towns? 
Wilson's inquiries also are turning to¬ 
ward the mythology building up around 
the thermal burdens from power plants. 
Recently, under protest, a power com¬ 
pany was forced into building cooling 
towers for a nuclear plant at Palisades, 
Mich., rather than sending the hot water 
into Lake Michigan. 

At equal cost, Wilson argues, a pipe 
could be run three miles out on the lake 
bottom, penetrating a huge sink of water 
that never gets above 40°F., even in 
summer. This heat sink, starting at a 
depth of some 50 ft. and constituting 
most of Lake Michigan’s volume, can 
handle the entire thermal burden from 
power plants on all shores of the lake 
from now to the year 2000 with, at 
most, an 0.2°F. temperature rise. The 
implications for nuclear plants on the 
boundary of a much larger heat sink, 
such as the Atlantic Ocean, are obvious. 
To give environmentalists their due, 
many of these cooler assessments of 
environmental problems have been 
spurred by the hot-gospeling. 

Optimism! 

I accept absolutely the general principles 
that mankind ought to limit its numbers 
and minimize the drain on scarce re¬ 
sources and deal lovingly with the only 
biosphere, lithosphere, aquasphere and 
atmosphere that we have. But this does 
not specify unrealistic deadlines—nor 


does it argue for precipitate actions 
which will merely turn environmentalism 
into another craze, swiftly taken up and 
swiftly abandoned. 

In the environmental field, we certainly 
could adopt Talleyrand’s wise motto for 
diplomacy: not too much zeal. 

A confident and rich civilization like 
ours, one which knows the benefits it 
has brought to people’s souls and bodies, 
which knows that there will be a world 
here for our grandchildren, can do this. 
The tasks of civilization stretch out with¬ 
out limit into the future. To act feverishly 
as if there were not time left is probably 
to accelerate the final disasters that are 
feared, not ward them off. To act as if 
doom hangs over us is to bring doom 
closer. 

Let me list some argumentative asser¬ 
tions about the environment that I can’t 
prove. 

□ The battle with pollution is now and 
always has been inseparable from urban 
life. Without enormous victories, already 
won, urban life today would be impossi¬ 
ble. 

□ Enormous power to regulate the en¬ 
vironment has been bestowed on a new 
U.S. agency. It will take many years for 
all these powers to be fully exercised. 
The hair-pulling will be terrific. Let's 
settle down for the long hauL Ralph 
Nader has. 

□ There is obvious ignorance about 
quite elementary facts about the environ¬ 
ment. The answer is a lot more research, 
with plenty of rigor and narrowness— 
pace Barry Commoner—from the physi¬ 
cal sciences. 

□ It's quite useless to sell an environ¬ 
mental preservation program if it imposes 
a severe burden on people’s material 
goals. 

□ The idea of an ever-escalating U.S. 
appetite for resources doesn’t make 
much sense. I see it leveling off. 

□ The problem of squaring people's ma¬ 
terial wants with their concern for the 
environment would be a lot easier if the 
U.S. were doing a better job about guar¬ 
anteeing everybody the main goods: 
housing, schooling, doctoring and trans¬ 
portation. Those are the four main in¬ 
gredients of an equal chance in the so¬ 
ciety. Other societies are doing a better 
job about fair shares on these goods. 
England, Holland and Sweden come to 
mind. 

□ Hysteria about the environment can 
lead to inappropriate substitutions like 
caustic soda soaps for phosphate deter¬ 
gents. This could erode public awareness 
and concern for the environment. 

□ What’s happening now is that a rich 
society, its appetite for material goods 
sated, is making decisions to spend a 
minor portion of its wealth and go to a 
minor amount of trouble in curing or pre¬ 
venting some assaults on the environ¬ 
ment, often for aesthetic reasons. We 
certainly can afford to do so. Fearfulness 
is not a very good goad, confidence is. 

□ In the world ahead, we will have to 
take more care not to tread on each 
other’s toes or spoil our patrimony of 
beauty for our children. In such a regu¬ 
lated world, our spirits will have more 
need, not less, for the refreshment of 
exploration of other planets. 
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The Quest for Fusion Power 


The search for economical control¬ 
led fusion power is a scientific hunt 
for the Lost Dutchman Mine. Only 
a few true believers are absolutely 
certain that the goal exists, but the 
search takes place over interesting 
terrain and the rewards for success 
are overwhelming. In the case of 
fusion power, the potential long¬ 
term societal rewards are so enticing 
and the possibility of success so high 
that a major, truly international, re¬ 
search effort has developed over the 
last two decades. The United States 
has allocated over $400 million for 
research in controlled thermonuclear 
reactors (C.T.R.) to date and the 
U.S.S.R. more than twice that 


amount. 

There seems little question that 
eventually either fusion energy or 
solar energy will be called upon to 
deliver the enormous quantities of 
“environmentally gentle” power that 
man will need. We should be able 
within five years to say whether 
significant amounts of energy can be 
obtained from controlled fusion 
within the next 20 to 30 years (be¬ 
fore an irreversible commitment to 
an economy based on fission breeder 
reactors) or whether fusion power 
development will have to wait much 
longer until the technological and 
economic considerations are even 
more favorable then they are at this 
moment. 

My plan in the following pages is 
to enumerate the potentialities of 
controlled fusion power, to describe 
the physical conditions we have des¬ 
ignated as significant milestones, to 
describe experiments now or soon to 
be in operation, and to discuss the 
engineering problems of controlled 
fusion—which may be far more dif¬ 
ficult of solution than the physics 
problems. Then, finally, I shall de¬ 
scribe a possible scheme for relax¬ 


ing both the physics and engineer¬ 
ing constraints of an economical sys¬ 
tem. 

The Potential of Fusion Power 
The character of the atomic nucleus 
is such that the individual nuclear 
particles are most tightly bound in 
elements of intermediate atomic 
number. Thus when we seek energy 
we focus our attention on the more 
loosely assembled elements, releas¬ 
ing energy by splitting (fissioning) 
the heavy isotopes and proposing to 
do so by joining (fusing) the fighter 
ones. There is less energy release 
per fusion reaction than there is per 
fission reaction, but the reactants 
are more plentiful and easier to 
handle. 

In general, a particular fusion reac¬ 
tion is interesting if the power 
produced can be large enough 
to offset the power consumed 
in generating and maintaining 
the reacting medium, and if the 
relevant rates can be large enough 
so that economically interesting re- 
s accessible to modem tech- 

are, in fact, over 30 
such reactions possible. The most in¬ 
teresting of the fusion reactions as 
possible routes to fusion energy are 
those which involve the heavy hy¬ 
drogen isotopes deuterium (Hj 2 or 
D) and tritium (Hi 3 or T). These 
tend to have the largest fusion reac¬ 
tion probability (cross-section) at 
the lowest energies. Deuterium is an 
abundant, naturally occurring iso¬ 
tope in wide use now as D 2 0 
in heavy-water-moderated reactors. 
Tritium is a radioactive isotope with 
a 12.3-year half-life (it emits an 
electron and decays to stable heli¬ 
um-3 ) that does not occur in nature. 

The deuterium (D-D) reaction 
chain is 


gimes a 
nology. 
There 
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Fusion experiments are now reaching close to the elusive goals 
of temperature, density, and duration. But formidable engineering 
problems render the future still uncertain. 


D -f- D —s► He 3 -f- n 3.2 Mev. 
D-f-D~*T-|-p + 40 Mev. 

D + He 4 + n + 17.6 Mev 
D -(- He 3 —* He 4 + p + 18.3 Mev. 

6 D -> 2He 4 + 2p + 2n + 43.1 Mev. 

The first two equations represent 
the fact that the D-D reaction can 
follow either of two paths, produc¬ 
ing tritium and one proton or he¬ 
lium-3 and one neutron, with equal 
probability. The products of the first 
two reactions form the fuel for the 
third and fourth reactions and are 
burned with additional deuterium. 
The net reaction consists of the con¬ 
version of six deuterium nuclei into 
two helium nuclei, two hydrogen 
nuclei, and two neutrons along with 
a net energy release of 43.1 Mev. 
The reaction products—helium, hy¬ 
drogen, and neutrons—are patently 
harmless (in contrast to some of the 
myriad fission products in a fission 
reactor), and the neutrons may in 
fact be used in a variety of ways. 
One very simple possibility uses 
their absorption in sodium to pro¬ 
duce an additional 25 Mev. per 
cycle. Therefore, the D-D reaction 
produces at least 7 Mev per deute¬ 
rium atom (deuteron) and with ab¬ 
sorption in sodium more than 10 
Mev. per fuel atom. 

The peak reaction rate coefficient 
of the D-D reaction is considerably 
less than that of the deuterium-tri¬ 
tium (D-T) reaction occurring with¬ 
in the D-D cycle; thus attention 
tends to focus on the latter. How¬ 
ever, because tritium does not occur 
naturally, the reaction must be sup¬ 
plemented by one using lithium to 
reproduce the tritium fuel: 

D + T —» He 4 -f- n -f-17.6 Mev. 
n + Li 6 -* He 4 -f- T 4~ 4.8 Mev. 

D 4 - Li 8 2He 4 + 22.4 Mev. 

This reaction is tritium-regenerating 


and produces only helium as a re¬ 
action product. 

The D-T reactor is technologically 
more complicated than the D-D re¬ 
actor because of the need to facili¬ 
tate the second reaction (which 
takes place outside the plasma) and 
because very energetic neutrons 
must be slowed down to allow 
the reaction with lithium to take 
place. Nonetheless, the conditions 
needed to achieve net power output 
are much less demanding than for 
the D-D fuel reactor. 

Deuterium occurs naturally in sea¬ 
water in a ratio such that one out of 
every 6,500 hydrogen atoms in H 2 0 
is in fact the heavy isotope. Isotopic 
separation is relatively straight¬ 
forward because the mass difference 
between H 2 0 and HDO exceeds 5 
per cent. At 7 Mev./D, the energy 
attainable by fusion of all of the 
deuterium in a cubic meter of sea¬ 
water is 12 X 10 12 joules. This value 
is easier to visualize when compared 
to the energy content of a barrel of 
crude oil —6 X 10 9 joules. A cubic 
meter of seawater, then, corresponds 
to 2 x 10 3 bbl. of oil and a cubic kilo¬ 
meter to 2000 X 10 9 bbl. This last 
number is coincidentally nearly 
equal to recent estimates of the 
earth’s total oil reserves. The oceanic 
volume is approximately 1.5 X 10® 
km 3 , so there is more than one billion 
times the energy content of the 
world’s oil reserve available to us 
through deuterium fusion. There are 
many interesting ways to illustrate 
the magnitude of this number (for 
example, it could support a world 

opulation of 7 X 10 9 people at 20 

w./capita—ten times the current 
U.S. rate—for 3 X 10 9 years), but 
such exercises are, in fact, just ex¬ 
ercises. It is far simpler and just as 
accurate to say that fusion of deu¬ 
terium represents an essentially in- 


exhaustable supply of energy. 

The D-T reaction will probably be 
exploited first, but its use will be 
limited by the availability of lith¬ 
ium. For such a light element, lith¬ 
ium turns out to be surprisingly 
rare. Recent estimates of lithium 
reserves place them at several times 
10 7 metric tons, which limits the 
total energy release through the 
D-T-Li B cycle to approximately 5 X 
10 23 joules. The total energy content 
of the world’s fossil fuel is 2.6 X 10 23 
joules. 

It is easy to dispense with detailed 
computation of energy utilization 
trends here also. All reliable es¬ 
timates of energy use conclude that 
we have sufficient fossil fuels to last 
for from 150 to 350 years. The lith¬ 
ium reserves will thus last for at 
least that long, and it is hard to be¬ 
lieve that we will not have gained 
sufficient expertise in plasma physics 
during that time to enable us to tap 
the energy content of the D-D re¬ 
action. 

Fusion Hazards 

The end products of the fusion re¬ 
action—helium, hydrogen, and neu¬ 
trons—can hardly be better chosen 
from the point of view of easing 
environmental pollution. It has even 
been proposed that the neutrons be 
used to clean the environment by 
transmuting certain particularly 
dangerous long-lived radioactive by¬ 
products of fission reactors to harm¬ 
less stable nuclei. There still remain 
two environmental hazards to be 
considered, however. There is the 
tritium that occurs as an intermedi¬ 
ate reactant in both the D-D and 
D-T-Li 6 cycles, and there is the 
problem of radiological activation of 
the fission plant structure by neutron 
bombardment. 

Tritium must be recycled in both 
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The end products of the fusion reaction are almost entirely benign. 
But some of the intermediates and the equipment in which they are 
used present a modest radiological hazard. 


fusion chains considered above and 
is by no means a waste product. In¬ 
stead, economical design for a fusion 
plant demands that the inventoiy of 
tritium in the plant complex be kept 
as small as possible and be circu¬ 
lated through the plasma reaction 
zone as rapidly as possible. Several 
studies of the inventory problem 
have resulted in estimates of the 
total inventory for a 5000-Mw(t). 
plant ranging from 2 to 10 kg. Most 
of the inventory is tritium dissolved 
in the circulating coolant and the 
metallic structure of the reactor. The 
larger value above corresponds to a 
radioactive burden in tritium of 10 8 
curies (Ci), which is 40 per cent 
of the I 131 activity predicted for a 
similarly-sized fast breeder reactor. 
However, the inventories cannot be 
compared on so simple a basis. The 
maximum permissible concentration 
of tritium in the environment is 2 X 
10“ 13 Ci/cm 3 , whereas the allowable 
concentration of iodine is 10 -18 
Ci/cm 3 . The relative biological haz¬ 
ard attributable to escape of the 
volatile inventory in a fusion reac¬ 
tor is nearly four orders of magni¬ 
tude smaller than in a comparably- 
sized fission reactor. 

Because a single reactor is thus rel¬ 
atively safe from the standpoint of 
catastrophic tritium release, the tri¬ 
tium problem resolves itself to the 
minimization of leakage from all the 
reactors in a hypothetical fusion- 
power-based economy. For example, 
if all the world’s population were 
using fusion-produced electricity at 
the current U.S. consumption rate 
(2 kw./capita), then an inventory 
leakage of 0.01 per cent per year 
would contribute less than 0.1 per 
cent increase to the naturally oc¬ 
curring radioactive burden. This 
level of containment is easily 
achieved. 


The other radiological hazard, ac¬ 
tivation of the reactor structure it¬ 
self, is less easily quantifiable. The 
afterheat and residual activity de¬ 
pend critically on the construction 
materials. In the worst case studied 
to date, that of a niobium structure, 
the decay power is 10 per cent and 
the activity is 100 per cent of the 
power and afterheat of comparable 
pressurized-water-reactor plants. In 
the best case studied to date, a 
vanadium structure, the decay 
power is 1 per cent and the activity 
only 0.1 per cent that of a com¬ 
parable pressurized-water reactor 
plant. But, as in the case of tritium 
activity, a simple comparison is mis¬ 
leading; the activity in a fusion re¬ 
actor is confined to the few activa¬ 
tion products of a single material, 
whereas that of a fission reactor re¬ 
sides in a spectrum of fission prod¬ 
ucts. Thus it appears that the struc¬ 
tural activity of a fusion plant will 
certainly be no greater than and 
probably much less than that of a 
comparable fission plant. 

Rejected waste heat has more re¬ 
cently become appreciated as a sig¬ 
nificant environmental burden im¬ 
posed by electrical power genera¬ 
tion. The ratio of energy rejected to 
the environment to energy trans¬ 
mitted as electrical power is a sensi¬ 
tive function of the power plant ef¬ 
ficiency. An increase in efficiency 
from 32 per cent (typical of existing 
fission reactors) to 48 per cent (typ¬ 
ical of proposed fusion reactor de¬ 
signs) would reduce the waste heat 
rejected to the environment by a 
factor of two. This difference exists 
in large measure because the fusion 
reactor, with separate reaction and 
heat removal zones, allows higher 
operating temperature than does the 
single-zone fission reactor. This re¬ 
turn to the apparently primitive 


concept of “boiler and firebox” per¬ 
mits the design of liquid-metal- 
cooled systems with exit tempera¬ 
tures as high as 850° to 950°C. 
Efficiencies much higher than 48 
per cent can be contemplated for 
some fuel cycles by direct conver¬ 
sion of the high-energy charged re¬ 
action products to electricity, but 
the D-T reaction that will be the 
bulwark of the supply in the near 
future does not lend itself to direct 
conversion. 

Scientific Feasibility 
Fusion reactions can take place 
only when the nuclei of the fuel 
atoms are brought into close enough 
conjunction. The nuclei are, of 
course, positively charged and so 
repel each other. This repulsion is 
equivalent to an energy barrier 
which can be penetrated with rea¬ 
sonable efficiency only if the react¬ 
ing nuclei have kinetic energy com- 

C ble to the barrier height. The 
of kinetic energy required de¬ 
pends on the particular reaction and 
the desired reaction rate, but in 
general, plasmas of interest to 
G.T.R. have average energy per 
particle in excess of 5 kev. 

A collection of particles with av¬ 
erage energy 5 kev has an effective 
temperature of nearly 40 million de¬ 
grees Kelvin (4 X 10 7o K). At these 
temperatures, the gas is completely 
dissociated into its constituent posi¬ 
tively charged nuclei and free elec¬ 
trons. The electrical charge density 
is such that the behavior of the col¬ 
lection of particles is completely 
dominated by electrostatic and elec¬ 
tromagnetic phenomena. Such a 
charge dominated collection of 
ionized matter is known as a plasma. 
Plasma at high temperatures cannot 
be confined by material walls but 
does respond to electromagnetic 
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forces. The central problem in the 
search for controlled fusion energy 
has been the design of a magnetic 
field configuration that would allow 
containment of plasma in more or 
less stable equilibrium. 

As in any gas of energetic par¬ 
ticles, the ions and electrons in the 
plasma are continually undergoing 
collisions with each other. The col¬ 
lision rate is much higher than the 
fusion rate at reasonable energies, 
so the plasma particles in any mag¬ 
netic trap undergo many collisions 
and rearrange their energy in a sta¬ 
tistical fashion. Accordingly, there 
will be present in a magnetically 
confined plasma a spectrum of par¬ 
ticle energies reaching up to very 
high values with a finite probability 
of fusion reactions occurring even in 
relatively low-temperature, low- 
density plasma. The occurrence of 
fusion reactions therefore furnishes 
no milestone in itself, and other 
more meaningful criteria must be 
sought. This is in contrast to the 
case of fission reactors, wherein the 
achievement of a multiplication co¬ 
efficient greater than one is a clear 
dividing line between success and 
failure. 

If the existence of fusion reactions 
in a contained plasma is not par¬ 
ticularly noteworthy, the resultant 
neutrons do furnish a very useful 
means of describing the plasma en¬ 
ergy distribution. These neutrons are 
surprisingly copious. For example, 
the Russian T-3 tokamak emits more 
than 10 11 neutrons per second from 
its 500 ev plasma while the hotter, 
much denser Scylla IV plasma at 
Los Alamos Research Laboratory ac¬ 
tually produces 40 to 50 watts of 
D-D fusion energy. If fueled with a 
D-T mixture, this device would gen¬ 
erate nearly 200 kw. of fusion power 
for a three-microsecond pulse 


period. 

What plasma regimes must be 
reached to yield usable power? The 
so-called “Lawson Criterion,” one at¬ 
tempt to define the milestone, is de¬ 
veloped by considering the energy 
balance per unit volume of plasma. 
One assumes that the plasma is 
brought together at temperature T, 
held there in equilibrium for time r, 
and then allowed to disperse. The 
energy of this expanding plasma is 
recovered. If the operation is con¬ 
sidered to occur in cyclic fashion, 
the energy balance equation be¬ 
comes 

3 nkT + W r r = 

^(W n r + W r r + 3nkT) 

where n is the density, W r is the 
radiation emission per unit volume, 
and W„ is the fusion energy genera¬ 
tion rate per unit volume. If rj is 
the efficiency, then e is the fraction 
of the power recovered that is 
needed to achieve the steady state. 
If c = 1, then all the energy is re¬ 
quired just to keep the reaction go¬ 
ing. If < is less than one, then some 
power is left over which presumably 
can be considered as output. The 
left side of this equation represents 
the energy needed to assemble the 
plasma ions and electrons [2 • 3/2 
(nkT)] and maintain the plasma in 
the face of radiation losses. The 
right side represents the energy re¬ 
covered, assuming that all forms 
of energy are handled with the 
same efficiency. When the proper 
functional forms are inserted for 
the radiation and fusion rates, the 
equation can be solved in terms of 
the nr product, as shown in the 
adjacent diagram. The lowest -ny 
system is not necessarily the lowest 
cost system and, in fact, economic 
studies of toroidal reactors predict 
optimum operation for those devices 


nr 

(ions/cm. 3 sec.) 


D-D breakeven 



kT (kev.) 

2 1 0 50 200 


The numerical values lor the "Lawson 
Criterion," described in the text as the 
boundary at plasma regime, which might 
be expected to yield usable power, 
are here plotted tor two values corres¬ 
ponding to a plasma system in which 
the thermal efficiency is 33 per cent 
and either all the energy is returned 
to the system fa = 0.33) or only 
10 per cent is utilized to maintain 
the plasma fa — 0.033). From the plot 
it is clear that the minimum values ot 
nx are 4.5 x 10 13 sec./cm. 3 for power 
break-even and 8.3 x 10 u sec./cm. 3 tor 
a system of possible economic interest. 
(Data: Culham Lab. Report CLM-R85) 

at temperatures much closer to 10 
kev. than the 25 kev. which corre¬ 
sponds to the nr minimum. 

Once the confinement geometry is 
determined, one can separate the 
terms in the nr product by an ap¬ 
peal to engineering judgment. In 
steady-state devices, the requirement 
that the overall energy density in 
the reactor be in the range of several 
watts per cm. 3 leads to n = 5 X 
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There is no single goal which guarantees the success of the fusion 
reaction. Rather, the issue is when, under any particular confinement 
scheme, will the process turn efficient? 


10‘Vcm. 3 and r = 0.5 sec. But the 
fast “pinch” device would operate 
near n = 5x 10 16 /cm. 3 , t = 10~ 2 
sec. Yet another class of reactors, 
“stabilized mirrors,” would neces¬ 
sarily operate far to the right of the 
minimum point; such reactors, if 
they are economical at all, will be 
so only if they utilize direct conver¬ 
sion. 

There is clearly not a single goal 
whose attainment guarantees suc¬ 
cess but rather a set of goals corre¬ 
sponding to different confinement 
schemes. It is the object of controlled 
fusion researchers to predict on ex¬ 
perimental and theoretical grounds 
which, if any, path is likely to reach 
its individual goal. 

Success from the standpoint of 
plasma conditions alone is not suffi¬ 
cient, because the question of 
whether the particular confinement 
scheme is compatible with economic 
and engineering requirements re¬ 
mains to be answered. However, it 
is useful to remember as a touch¬ 
stone that reasonable goals for a 
steady-state reactor are: plasma 
density n = 5 X 10 I4 /cm. 3 ; pulse 
duration r = 0.5 sec.; and plasma 
temperature Ti = 8 to 10 kev. The 
experiments now being carried out 
are not aimed at these values, but 
rather at producing plasma condi¬ 
tions that allow all relevant inter¬ 
actions. 

Experiments in Plasma Confinement 
The experiments now in operation 
or just being completed are prob¬ 
ably the last exploratory plasma 
physics devices that will be con¬ 
structed for some years. Experi¬ 
ments now entering the design 
phase will be much more ambitious; 
indeed, they will aim at proof 
of “scientific feasibility” by gen¬ 
erating plasma conditions so sim¬ 


ilar to those of a prototype reactor 
that the results can be extrapolated 
with reasonable confidence. The 
three concepts with the greatest po¬ 
tential are the tokamak, the stabi¬ 
lized mirror, and the theta pinch. 
These three devices are clearly dif¬ 
ferentiated from each other with 
respect to the dominant plasma 
processes, and they all scale differ¬ 
ently with variations in plasma den¬ 
sity, temperature, and, most impor¬ 
tantly, with the size of the plasma. 

There are many ways proposed to 
tap controlled fusion energy in ad¬ 
dition to the ones described here. 
Most-discussed among these is laser- 
induced fusion, which requires no 
confinement whatever. In the sim¬ 
plest form of laser-induced fusion, 
a focused, very energetic laser beam 
is brought to bear on a small deu¬ 
terium-tritium fuel pellet. If the 
laser pulse is energetic enough and 
the energy is delivered in a short 
enough time, the pellet can be 
heated to fusion temperatures. The 
fusion energy is released while the 
particle is in the process of rapid, 
uncontrolled expansion. The energy 
release is explosive, and there is a 
limit to the maximum amount of en¬ 
ergy that can be released in a single 
pulse. When this limiting value is 
compared to the capital cost of the 
laser required to ignite the pellet, 
it soon appears that this system is 
further from economic feasibil¬ 
ity than from scientific feasibility. 
Therefore, although this technique 
might be useful in some aspects of 
fusion research, it does not seem 
promising from the standpoint of 
power production. 

Tokamaks 

The T-3 device in operation at the 
Kurchatov Institute of Technology 
since 1962 is the prototypical ex¬ 


ample of toroidal confinement. The 
magnetic field lines in such closed 
geometries are constrained to follow 
toroidal surfaces, and the plasma 
particles (to first approximation) 
spiral along the field fines. But 
simple toroidal fields cannot confine 
a plasma in equilibrium, and one 
stabilizing scheme or another must 
be employed. The tokamaks, of 
which T-3 is an example, supply 
equilibrium by means of a large cir¬ 
culating current induced around the 
torus. This current also serves to 
heat the plasma by resistive (I 2 R) 
heating. 

The other commonly explored 
toroidal devices supply the required 
equilibrium by means of externally 
imposed twisted multipole magnetic 
fields. This class is represented by 
the stellarator design developed at 
the Princeton Plasma Physics Lab¬ 
oratory. Although one theoretically 
expects many equivalences between 
tokamaks and stellarators, the toka¬ 
maks to date have yielded far better 
results. 

The induced plasma current in the 
tokamak generates a magnetic field 
that loops the minor axis of the 
torus; the field lines form helices 
along the toroidal surface, and the 
plasma must cross the fines to es¬ 
cape. It does so through the cumu¬ 
lative action of many random dis¬ 
placements caused by interparticle 
collisions, in effect, diffusing across 
the field lines and out of the system. 
Thermal energy is transported by 
much the same process. 

Particle orbits in toroidal fields are 
exceedingly complicated. Because of 
the spatially varying field and the 
acceleration experienced in mov¬ 
ing along the curved field lines, 
the particles drift away from and 
return to the original magnetic field 
lines. These excursions are quite 
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large and the particle and energy 
diftusion are enhanced by large fac¬ 
tors. The principal goal of the toka- 
mak program has been to measure 
particle and energy confinement 
times under many conditions and 
to predict how these relation¬ 
ships may change as the size 
of the torus is increased. It is also 
apparent that the simple resistive 
heating of T-3 will not scale up to 
allow ignition of a toroidal reactor, 
and another major goal of the toka- 
mak program is the development 
of an additional heating scheme. 

Stabilized Mirrors 

If some way can be found to stop 
the charged particles of a plasma in 
their motion along the magnetic 
field lines, the magnetic field lines 
need not be closed within the plas¬ 
ma region and many problems as¬ 
sociated with toroidal systems can 
be avoided. The “magnetic mirror” 
is based on a basically simple phe¬ 
nomenon: charged particles will re¬ 
flect from a region of increasing 
magnetic field if their encounter 
with the field lines is close enough to 
perpendicular, and they will not be 
reflected if they are moving 
nearly parallel to the lines of force. 
“Mirror” devices take advantage of 
this by trapping the plasma in a 
bulge of the field, where the lines 
are spread. When the field increases, 
the lines reapproach each other and 
a reflecting region is formed. 

The 2X mirror experiment at the 
Lawrence Radiation Laboratory 
uses a carefully shaped set of pulsed 
magnetic field coils. The plasma is 

The magnetic held lines ot the simple 
torus (top sketch) are complicated 
when a current-carrying plasma is 
added (below). The twisted field lines 
result in very complex particle orbits; 
a typical trajectory is shown by the 
dashed line. 
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The top diagram shows the basic con¬ 
cept ot the “mirror" device: plasma Is 
kept within the central region because 
the particles are repelled by the two 
areas ol relatively greater magnetic 
field at the ends. In other words, where 
magnetic lines of force crowd together, 
a plasma-reflecting “mirror” id formed, 
and a pair of these mirrors contain 
the plasma. 


However, plasma researchers soon 
lound that the shape of the magnetic 
field around the central region—that is, 
bulging outward—caused the plasma 
to be unstable. The answer, now gen¬ 
erally accepted, is to make the magnetic 
field lines bulge inward toward the 
plasma, as in the second diagram, which 
shows the central region oLone type of 
"stabilized mirror" device. 


injected and then trapped by these 
coils when the magnetic field is 
weak; it is subsequently heated by 
compression as the field grows with 
time. The containment region has 
the typical stabilized mirror shape 
and a volume of about 16 liters; the 
resulting plasma has density n = 
5 x 10 I8 /cm. 8 , ion temperature Ti = 
8 kev., and confinement time of 0.2 
to 0.4 msec. This is a very interesting 
hot, dense plasma with confinement 
time only a factor of three to five 
below tiie theoretically expected 
value. 

But the success of a laboratory- 
scale experiment does not guarantee 
success of a reactor concept based 
upon that experiment. There are 
very strong theoretical predictions 
that the mirror reactor will suffer 
increasingly severe plasma instabili¬ 
ties as the device is made larger. 
One could ordinarily tolerate a mod¬ 
erate level of instability or turbu¬ 
lence in a plasma because the effect 
is simply to increase to some extent 
the rate of particle loss from the 
trap. Unfortunately, the mirror re¬ 
actor has very little margin for error. 

Particles escaping from a toroidal 
reactor must move across magnetic 
field lines; but in a mirror device, it 
is required only that a collision send 
a particle in a direction nearly 
aligned with the magnetic field in 
order for it to escape. This can hap¬ 
pen with reasonable probability in a 
single collision. The mirror device 
is thus inherently more leaky than 
the various closed-line systems, and 
this leakage manifests itself in par¬ 
ticles streaming out the ends of the 
trap. If this escaping particle stream 
could be recaptured with high effi¬ 
ciency, the energy could be rein¬ 
jected with minimal effect, and the 
development of electrostatic direct 
conversion was an effort to accom- 
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plish this purpose. Economic esti¬ 
mates show that this is sensible if 
the reactor performs up to its the¬ 
oretical limit, but that even a small 
increase in the particle loss rate 
would doom the concept. The 2X 
experimental results, although not 
conclusive, appear to show that the 
mirror reactor does not perform 
quite up to its theoretical limit. 

Theta Pinch—Scylla IV 
The theta pinch experiments have 
been exploring yet another regime 
of plasma parameters—very nigh 
density. The object in these experi¬ 
ments is the extremely rapid com- 

f jression of an existing low-density, 
ow-temperature plasma. If the 
heating pulse is fast enough, there 
can follow a two-step process: the 
plasma is heated first by the shock 
wave generated by the rapidly ris¬ 
ing field and then heated further by 
adiabatic compression as the field 
continues to grow more slowly in 
time. 

The technology needed to perform 
these experiments is impressive in¬ 
deed. Capacitors storing nearly a 
megajoule of energy at 50 kv. are 
discharged through hundreds of 
parallel paths (to reduce the induc¬ 
tance) into a massive single-turn 
compression coil to generate fields 
in excess of 100 kG. In the Scylla IV 
experiment, for example, the cur¬ 
rent rises to 8.6 million amperes 
in only 3.7 psec. The resulting 
plasma has density n = 5 X 10 16 /cm 3 
and ion temperature T t = 3.2 kev. 
The plasma lifetime is very short, 
because the plasma particles simply 
stream out the ends of the device, 
though the plasma is in stable equi¬ 
librium occupying a thin cylinder in 
the center of the coil during its resi¬ 
dence there. 

Plasmas achieved in the theta 


This photograph illustrates the com¬ 
plexity ot the experiment now underway 
at Los Alamos Laboratory to construct 
a toroidal theta pinch apparatus in 


pinch process are so hot and dense 
that the kinetic pressure is several 
hundreds of atmospheres and the 
plasma energy density very nearly 
equal to the magnetic field energy 
density. Plasma behavior under 
these conditions is not yet theoreti¬ 
cally understood, and we are very 


which plasma may be confined and 
energized. The capacitor bank, not shown 
In the photograph, fills a separate very 
large room. 


dependent on experimental obser¬ 
vations. 

It is obvious that the way to avoid 
end losses in a theta pinch device is 
to close the ends upon themselves— 
to generate a toroidal theta pinch. 
This immediately reintroduces the 
toroidal loss-of-equilibrium problem, 
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• 

Tokamak 

(T-3) 

Mirror 

(2X) 

Theta pinch 
(Scylla IV) 

"Lawson 

Criterion" 

Plasma density n/cm. a 

2 x 10 13 

5 x 10 13 

5 x 10 18 

5 x 10 14 

Maximum plasma tem¬ 
perature Tj (kev.) 

0.6 

8 

3.2 

10 

Confinement time t (msec.) 

25 

0.4 

0.01 

200 


The fusion process is such that there is 
no sharp dividing line in a fusion re¬ 
actor—as there is in a fission reactor — 
between "go” and "no go.” Instead, 
there is simply the question of achieving 
a high enough steady-state fusion reac¬ 
tion rate to provide a sufficient excess 
of energy for power generation. This 
condition is roughly expressed by the 


but there are indications that this 
dilemma may be resolved through 
a proper combination of external 
fields which interact strongly with 
the high-density theta-pinch plasma. 

The Atomic Energy Commission is 
funding a very large research pro¬ 
gram in toroidal theta-pinch appa¬ 
ratus (Scyllac) at the Los Alamos 
Laboratory. Because the experiment 
is so expensive, and because the 
theory is not very highly developed, 
an initial experiment is underway 
to provide “proof of principle.” A 
120° sector of the torus has been 
constructed and operated at reduced 
power. In this configuration, the 
stored energy is 3.5 megajoules and 
the peak current is 34.5 million am¬ 
peres. Preliminary results (June, 
1971) indicate that the external 
fields can, in fact, supply at least 
some degree of toroidal equilibrium. 

The toroidal theta pinch may well 
provide the first proof that the ap¬ 
propriate “Lawson Criterion” can in 
fact be achieved, but this method is 
possibly incapable of being scaled 
up to an economical power-produc¬ 


so-called "Lawson Criterion." As the 
chart shows, it is now possible—at least 
in terms of density and temperature — 
to reach what the author calls plasmas 
at "the lower fringes of thermonuclear 
interest.” He suggests that five more 
years of research will reveal whether 
the goal is in fact attainable soon. 


ing reactor. The economic difficulty 
arises because of the great capital 
cost of the requisite energy storage 
and because the pinch tends to pro¬ 
duce power in bursts, with relatively 
long periods of time between bursts 
for cooling, pumping out impurities, 
and recharging the capacitor banks. 

Experimental Summary 
The accompanying table summa¬ 
rizes the plasma conditions achieved 
in the experiments described above 
and their comparison with the “Law- 
son Criterion” values. Several points 
are worthy of particular note. First, 
it is obvious that, at least in terms of 
density and temperature, it is pos¬ 
sible now to reach the lower fringes 
of the plasma regimes of thermo¬ 
nuclear interest. Certainly we are 
close enough to these regimes so that 
almost all of the dangerous instabil¬ 
ities have manifested themselves. 
The Scylla IV containment time 
looks disconcertingly small, but 
this is inherent to the experiment 
and does not denote instability. In 
any event, the proper “Lawson Crite¬ 


rion” for such pinch-like devices 
calls for confinement time of only 2 
to 10 msec. 

The various routes to proof of sci¬ 
entific feasibility are clear. The to- 
kamak concept must be tested at 
large radius to see if the plasma loss 
scales inversely with the square 
of the plasma radius. If it does, 
then the development of an appro¬ 
priate energy input scheme would 
lead to the goal. Several very large 
tokamaks have been proposed, and 
many heating methods are being 
tried on smaller scale experiments. 

As for the theta pinch, it must be 
closed upon itself. If external coils 
can provide equilibrium, then 
nothing further will be needed. The 
experiment now in progress at Los 
Alamos with a 120° section of the 
torus will go a long way to answer¬ 
ing this question. 

Mirror traps will have to be shown 
to be less prone to instability and 
enhanced losses than is currently 
predicted by theory. Experience 
shows that the opposite is usually 
true—that plasmas are in fact more 
unstable than expected. However, a 
mirror reactor would have a much 
larger ratio of plasma pressure to 
magnetic field pressure than the ex¬ 
periment carried out to date, and 
this regime is not amenable to theo¬ 
retical analysis. Proponents of mirror 
reactor systems argue that appropri¬ 
ate experiments should be carried 
out in this regime. Such experiments 
would be extremely expensive, and 
there can be no certainty that they 
will be funded in the near future. 

For both the tokamak and the to¬ 
roidal pinch, five years should be 
sufficient time either to demonstrate 
scientific feasibility or to find that 
unsuspected obstacles stand in our 
way. The distance remaining to the 
goal is relatively short, so the unex- 
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The distance remaining to the goal of fusion is relatively small, so 
the unexpected has a small domain in which to lurk. But there 
remains the task of system engineering, the resolution of which is 
by no means certain. 



pected has a small domain in which 
to lurk; the chances for success are 
therefore relatively good. 

Engineering Problems of C.T.R, 

Even if and when we discover how 
the “Lawson Criterion” can be ful¬ 
filled, there will remain the task of 
engineering large-scale, economic 
systems. And this is an issue of 
which the resolution is by no means 
certain. 

We already know that in conven¬ 
tional power plants the greatest 
economic advantage can be ob¬ 
tained when materials are used near 
the limit of their capabilities. 
This will be true particularly of ad¬ 
vanced power-producing schemes 
such as fast breeder reactors and 
controlled fusion reactors, because 
highly stressed mechanical elements 
allow the designer to relax require¬ 
ments on the reactor core. In the 
case of the fusion reactor, for ex¬ 
ample, higher heat loads at the inter¬ 
face between plasma and container 
would permit a lower ratio of con- 
tainer-to-plasma volume and thereby 
lower the unit capital cost of the 
plant. 

There are important problem 
areas common to fission and fusion 
reactors. These include radiation 
damage, limiting heat fluxes and 
temperatures, and induced radioac¬ 
tive afterheat. The first of these will 
apparently be far more severe in 
fusion reactors; the other two will be 
comparatively less severe than in 
fission plants. (Other engineering 
problems of the fusion reactor which 
are specific to the particular design 
—tokamak, for example—will be 
ignored here because they are some¬ 
what less fundamental and appear 
solvable by extensions of existing 
techniques.) 

Many engineering features, are 


surprisingly insensitive to details of 
the nature of the plasma. Consider, 
for a concrete example, a steady- 
state, D-T-fueled toroidal reactor, 
and recall that 80 per cent of 
the energy release is in 14.1 Mev. 
neutrons. Elementary economic 
analyses of steady-state reactors 
show that the magnetic field must be 
generated by superconducting mag¬ 
netic coils, because the power loss 
in normally-conducting materials is 
prohibitively high. On this basis one 
arrives very quickly at a conceptual 
model of the main features of the 
cylindrical blanket that surrounds 
the plasma column. 

The shell immediately surrounding 
the plasma must be of a refractory 
material to withstand the enormous 
flux of neutrons and short-wave¬ 
length electromagnetic radiation. 
This first wall must be very well 
cooled because—although most of 
the energy passes through this wall 
—an appreciable quantity of energy 
(the amount depending on the 
thickness of the wall) will be depos¬ 
ited within it and must be removed. 
On the other hand, a well-chosen 
material will generate appreciable 
amounts of additional neutrons, and 
the final design thickness will be a 
compromise between neutron pro¬ 
duction and allowable thermal loads. 
The shell surrounding this one—the 
first wall coolant—will be devoted 

rimarily to heat removal from the 

rst wall, but proper material choice 
will allow neutron and tritium gen¬ 
eration in this region. The third and 
subsequent shells will moderate the 
neutron flux, remove the neutron en¬ 
ergy in the form of heat, generate 
tritium by the Li® absorption reac¬ 
tion, and shield the magnetic field 
coils from the neutron and gamma 
ray flux. 

The bulk of the energy removal 


from the blanket occurs in the ther- 
malization and tritium generation 
region, but it is not as highly 
stressed as the first wall because of 
the cylindrical geometry of the sys¬ 
tem. The radial size of the blanket 
will be determined by the need to 
use with high efficiency every neu¬ 
tron emitted from the plasma, be¬ 
cause at least one triton must be 
generated for each neutron emitted. 
Almost all blanket designs call for a 
radial thickness of 1 to 1.5 meters. 
This requirement impinges, through 
economic considerations, on the plas¬ 
ma physics, because the plasma radi¬ 
al size must be comparable to the 
blanket thickness or the power dens¬ 
ity of the system will be far too low. 

Another strong constraint on the 
blanket thickness will be the neces¬ 
sity for using superconducting coils 
to generate the intense magnetic 
fields required. The coils operate 
near 4.2°K, but the energy de¬ 
posited in them by neutrons and 
gamma radiation must be rejected at 
the temperature of the environment. 
When the thermodynamic Carnot 
factor and refrigeration efficiencies 
are considered, it becomes clear that 
only .0001 of the total reactor power 
can be allowed to reach the mag¬ 
netic field coils. Thus, it appears im¬ 
possible to use a blanket much 
smaller in radial extent than 1.5 
meters. 

Several groups (most notably at 
Oak Ridge National Laboratory and 
the United Kingdom’s Culham Lab¬ 
oratory) have published the results 
of careful studies of conceptually 
reasonable blankets. 

A. Fraas and D. Steiner of the Oak 
Ridge National Laboratory have 
shown that published intensive 
studies show that the problem of 
material damage by radiation will 
be more severe for fusion reactors 
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Vacuum wall - refractory metal 


Vacuum wall coolant - flowing lithium 


Moderator - bulk heat transfer 


Slow neutron reflector, attenuator 


Thermal shield - magnet coils 


Cross-sectional structure of a hypo¬ 
thetical fusion power generator. Around 
the plasma there must be: coils to create 
the magnetic field which contains the 
plasma; coolant fluids to remove the 
heat generated; and radiation shielding. 


In the lithium (in this particular scheme), 
a nuclear reaction generates tritium 
and neutrons which are needed by the 
plasma in order to maintain the fusion 
reaction. 


than for fission breeder reactors. The and mechanical tolerances. Although 
radiation damage effects, particu- the swelling is certainly a major con- 

larly swelling, are the limiting de- cem, there is a paucity of informa- 

sign considerations in breeder reac- tion regarding the effect of very high 
tors. They may not be quite so im- doses of 14-Mev. neutrons and no 
portant in fusion reactors because experimental facility is presently ca- 
fission reactor cores are character- pable of measuring the effect. A key 
ized by a large number of narrow piece of engineering design data is 
cooling passages, while the blankets simply unknown, 
of fusion reactors can be designed There is yet another problem in- 

with much larger coolant passages herent in the blanket design. The 


ideal material for use as heat trans 
fer medium for the first wall is liquid 
lithium, because of its low vapor 
pressure at high operating tempera¬ 
tures and because lithium in this 
location takes full advantage of the 
high-energy neutrons for the Li 7 re¬ 
action. However, this means that an 
electrically conducting fluid must be 
moved through the steady magnetic 
field. One consequence of this is that 
considerable power must be avail¬ 
able for pumping the coolant, and 
the cooling passages must be de¬ 
signed to minimize cross-field flow. 
A possibly more important conse¬ 
quence arises because the magnetic 
field suppresses the turbulence in 
the fluid and so reduces the heat 
transfer coefficient. Experiments are 
now in progress to measure the 
magnitude of this effect, but the 
analysis is not complete. 

To summarize: many severe engi¬ 
neering problems, radiation damage 
chief among them, will limit the 
allowable heat flux at the blanket- 
plasma interface. The heat flux will 
determine the capital cost per unit 
of power, and low heat flux might 
possibly raise the cost to economic¬ 
ally uninteresting levels. It may well 
take longer to determine the allow¬ 
able engineering parameters than it 
will take to prove the “scientific 
feasibility” of fusion power. It is in 
belated realization or this that the 
A.E.C. is now starting large-scale 
funding of engineering research in 
problems of C.T.R. 

Fission-Fusion Symbiosis 
Those who attempt to assess the 
prospects of generating appreciable 
fusion power in the near future gen¬ 
erally assume that the D-T-Li® cycle 
will be used. Recall that this cycle 
demands that the tritium be regen¬ 
erated by various reactions with 
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We think we have found the Lost Dutchman Mine. But the hoped-for 
proof “scientific feasibility" will be needed to conclusively 
demonstrate its existence; and we are still unsure if exploiting the 
mine will make economic sense. 


lithium in the blanket. Engineering 
studies of such tritium regenerating 
blankets have been carried out at 
many laboratories, and all of them 
show that it is a relatively simple 
matter to breed more tritium than 
is needed. A typical calculation, for 
example, shows that 1.3 tritons are 
generated for each neutron incident 
upon the blanket. In other words, 
the cycle becomes D -f- Li 8 —* 2He 4 
+ 22.4 Mev. -f 0.3n. 

The neutron excess offers many in¬ 
triguing possibilities. Of course, 
some of the excess neutrons will be 
needed to generate more tritium 
than is consumed in the reactor to 
allow the start-up of additional fu¬ 
sion plants. However, the reaction 
rate per unit of power is very high, 
and a neutron excess will clearly be 
available. This raises the intriguing 
question of how to exploit the re¬ 
sulting change from a “neutron- 
poor” to a “neutron-rich” economy. 

One of the more provocative possi¬ 
bilities involves the absorption of 
the excess neutrons in either tho¬ 
rium-232 or uranium-238 to yield 
the fissionable isotopes uranium-233 
or plutonium-239. Each of the fis¬ 
sionable nuclei that might be pro¬ 
duced would represent at least 200 
Mev. when burned in a fission re¬ 
actor and could result in a net yield 
of more than 1,000 Mev. in a reactor 
with reasonably high conversion 
efficiency. Thus the excess neutrons 
from a fusion reactor could in fact 
represent far more energy than is 
produced by fusion reactions in the 
core itself. Indeed, a new “general¬ 
ized Lawson Criterion” can be de¬ 
fined in terms of this symbiotic fis¬ 
sion-fusion scheme. Fusion reactors 
that would not be economically in¬ 
teresting by themselves become eco¬ 
nomically viable in the symbiotic 
system. From the point of view of 


plasma physics, the nr curves are 
shifted to the lower values of the 
product. 

In general, the technological char¬ 
acteristics of fast fission reactors and 
conceptually reasonable fusion re¬ 
actors form a complementary set. 
Fission reactors produce low-cost 
power at high power density, but 
they can be made to breed only at 
the price of compromising either 
safety or economics. Fusion reactors 
may well have low power density 
and concomitant high costs; but 
because of the neutron excess, they 
will breed new fuel at a prodigious 
rate. A combined system in which 
fuel is bred primarily in the fusion 
reactor and power generated pri¬ 
marily in the fission reactor achieves 
properties attainable by neither 
alone—economical, safe power gen¬ 
eration with almost arbitrarily snort 
doubling times. Furthermore, the 
loosening of design constraints 
would allow other benefits. For ex¬ 
ample, to ease problems of thermal 
pollution, the fission reactor could be 
optimized for safe high-temperature 
operation, and any resulting penalty 
in neutron economy could be com¬ 
pensated for in the fusion portion 
of the system. In terms of such over¬ 
all considerations, the distance be¬ 
tween “scientific feasibility” and 
“economic feasibility” is materially 
reduced. 

Finding the Lost Dutchman Mine 
The focus of the search for control¬ 
led fusion power has changed dur¬ 
ing the past several years. We have 
learned to confine plasmas at high 
temperature and high density for 
long periods of time. The densities 
and temperatures have nearly at¬ 
tained values of reactor interest, and 
energy confinement times have been 
stretched by many orders of magni¬ 


tude from the several microseconds 
typical of the early, unstable devices 
to several tens of milliseconds in 
tokamaks. 

The question of whether we 
achieve fusion power in the near 
future is now cast into quantitative 
rather than qualitative terms. The 
full evaluation will depend at least 
as much on engineering limitations 
of the system as it will on the plasma 
physics, but there is some hope for 
relaxing these constraints in com¬ 
bined fission-fusion systems. 

In terms of the original metaphor, 
we think we have found the Lost 
Dutchman Mine. The hoped-for 
proof of “scientific feasibility” will 
be needed to demonstrate its ex¬ 
istence conclusively; and we are still 
unsure if exploiting the mine will 
make economic sense. Although this 
is the subject of intense physics and 
engineering research—and far from 
solution—it seems highly unlikely 
that so glorious a resource as the vast 
oceans full of clean-burning deu¬ 
terium will remain unavailable for 
use. 

Suggested Readings 

William C. Gough and B. J. Eastlund, 
“Prospects of Fusion Power,” Scientific 
American, February, 1971, pp. 50-64. 

Herman Postma, “Engineering and Envi¬ 
ronmental Aspects of Fusion Power Re¬ 
actors,” Nuclear News, April, 1971, pp. 
57-62. 

David J. Rose, “Controlled Nuclear Fusion: 
Status and Outlook,” Science, May 21, 
1971, pp. 797-808. 
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Creating Power Plants: 
The Costs 

of Controlling Technology 


Large power plants—particularly 
nuclear power plants—are an ex¬ 
ample of a whole class of man’s 
tools, including electronic informa¬ 
tion systems, computers, modem 
weapons, chemical plants, vehicles 
and genetic modification techniques, 
which, en masse, make many think¬ 
ing men nervous and sometimes dis¬ 
couraged about the future of man¬ 
kind. 

This nervousness and discourage¬ 
ment centers around the question of 
whether or not these powerful new 
tools and techniques, which are now 
proliferating exponentially, can be 
used to benefit man or whether they 
must contribute in the long run to 
his dehumanization, enslavement, or 
destruction. Many who acknowledge 
that science and technology have 
been of great benefit in the past 
nevertheless share this uneasiness. 

The question goes deeper than 
whether public health and safety or 
physical survival can be assured, or 
whether the physical efficiency of 
society can be increased or main¬ 
tained, or whether the environment 
can be respected. It extends to the 
matter of how technology impels 
social change, and of whether in¬ 
dividuals in a technological society 
can be as free as they have been in 
other cultures, or whether in some 
more or less subtle sense they will 
become subjects of, perhaps slaves 
to, the needs and capabilities of 
their tools. Ultimately, the question 
involves the matter of what goals 
are to be sought, what conditions 
enhance individual growth and hap¬ 
piness. But, even in technologically 
experienced cultures, there seems to 
be little agreement as to what these 
conditions and corollary goals for 
guiding technological change should 
be, and there is even less agreement 
as to what methods of guidance are 


possible and efficacious. 

The absence of adequate goals and 
methods represents an insufficient 
response—potentially disastrous 
and pervasive—to a massive and 
fast-growing cultural challenge, 
which can only be met successfully 
with great effort. If the challenge is 
thus recognized and an adequate 
effort made, such major disasters as 
nuclear war, overpopulation, or 
broad genetic change can be 
avoided. But the outcome is by no 
means certain. It is in this context 
that the process of creating large 
nuclear power plants constitutes an 
interesting and instructive case 
history which to some degree illu¬ 
minates the matter of whether man’s 
tools can in the long run be of bene¬ 
fit to him, whether disaster must be 
a prerequisite for developing ade¬ 
quate guidance for technological 
change and what the cost of guid¬ 
ance may be. 

Nuclear power plants are truly new 
and very powerful mega-machines. 
They are being injected rapidly on a 
very large scale into highly devel¬ 
oped technological societies, under 
controls designed to implement ob¬ 
jectives deliberately specified in ad¬ 
vance. For the U.S., the Atomic 
Energy Act of 1954 defined these 
goals as the encouragement of wide¬ 
spread development and use of 
atomic energy for peaceful purposes 
consistent with public health and 
safety. These original goals are being 
broadened—for example, by the 
Environmental Policy Act of 1969, 
prospectively by a rapid evolution 
in various proposed power plant sit¬ 
ing bills, and in effect by the way 
existing laws are administered. 
Whether these broadened goals and 
methods for achieving them are ade- 

S iate remains to be judged; that 
e result remains in doubt is made 
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The apparent success of the processes for guiding nuclear power 
development towards preselected goals has not been generally 
applauded — rather the reverse. It is important to find out why. 


obvious by the current public de¬ 
bate over nuclear power plant siting 
and safety, and by the occasional 
shortages of power caused in part 
by delays related to regulating proc¬ 
esses. 

The Nuclear Power Industry 
in the U.S. 

The goal of widespread participa¬ 
tion as set down in the Atomic En¬ 
ergy Act is being fulfilled. More than 
30 nuclear units of 1,000-Mw. ca¬ 
pacity or larger are either being 
built or are under design in the 
United States, and an equivalent 
number are in planning stages. Each 
one involves a capital expenditure 
of from $250 to $500 million. Some 
60 or more smaller nuclear units, 
many in the 500-to-800-Mw. class, 
are being constructed or operated. 
About half the new U.S. power 
capacity ordered in 1967 was nu¬ 
clear, and after a slack period in 
1968, 1969, and 1970, the fraction is 
increasing again. Nuclear plants 
may represent half of the total ca¬ 
pacity ordered in 1971. 

The total investment in operating 
nuclear electric power plants in the 
U.S. will be about $20 billion by 
1975 and by 1980 may reach $50 
billion—essentially all committed 
within the past 10 years. In addition, 
there is a large supporting industrial 
structure to mine, process and enrich 
uranium, to manufacture compo¬ 
nents and fuel, to reprocess spent 
fuel, to predict and measure envi¬ 
ronmental effects, and to develop 
new types of nuclear energy gene¬ 
rators. 

The goal of protecting the public 
health and safety is also being met. 
There has not been a single radia¬ 
tion fatality resulting from the op¬ 
eration of licensed power plants, nor 
is there any evidence of off-site ex- 


Type of exposure 

Annual 

total 

population 

exposure 

(Man-rad/yr.) 

Annual 

maximum 

individual 

exposure 

(rad/yr.) 

From gaseous effluents:* 

Gamma 

3.6 

3.8 x 10 4 

Beta 

16:3 

1.3 x 10 3 

Inhalation 

0.09 

9.0 x 10 « 

Ingestion of milk 

23.2 

6.2 x 10 3 

From liquid effluents:* 

Ingestion of water 

0.55 

5.5 x 10 « 

Ingestion of fish 

0.00041 

4.1 x 10 7 

From natural radiation: 500,000 

‘Actual future exposure is expected to be less. 

.133 


There is no evidence that thus far in the when viewed in the context of how they 
development ot nuclear-fueled power have been applied." The table shows 

generating capacity in the U.S. has there typical current estimates of radiation 
been off-site exposure to radioactivity in exposure within a 50-mile radius of a 
excess ot regulatory limits. And, writes nuclear power unit; actual future ex- 
the author, "there is no credible evidence posure is expected to be less, 
that these limits have been inappropriate 


posure in excess of regulatory limits, goals has not been generally ap- 
Despite public criticism, there ap- plauded—rather the reverse. And it 
pears to be no credible evidence is important to find out why. 
that these limits have been inappro- Not long ago at an Atomic Licens- 
priate, especially when viewed in ing and Safety Board (A.S.L.B.) 
the context of how they have been hearing—a public hearing which is 
applied. required before a permit to con¬ 

struct a nuclear power plant can be 
Societal Control of Nuclear issued—a young person opposed to 

Power Plants the issuance was heard to say that 

The apparent success of the societal if construction could not be pre- 
process for guiding nuclear power vented by legal means the plant 
development towards preselected would be blown up. Whether this 
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1,000-Mw. coal-fired plant 

1,000-Mw. nuclear plant 

Net fuel consumed (per year) 

2.5 million tons 

1 ton uranium (130 tons U 3 Og)* 

Onsite fuel inventory 

0.5 million tons 

80 to 140 tons uranium 
(500 tons U 3 0 8 )* 

Solid waste produced (per year) 

25,000 tons ash 

50 tons uranium (total 2,500 tons of 
cask shipments) 

Gaseous waste produced (per year) 

9 million tons CO 2 , 

0.1 million tonsS0 2 -NO*. 

0.1 million tons fly ash, 

0.005 curies (radium and thorium) 

3 to 300,000 curies (mostly xenon and 
krypton) 

Liquid waste produced 

— 

3 to 3,000 curies H 3 , 

0.1 to 10 curies of other materials 

Heat produced: 

To stack 

To condenser 

300 thermal Mw. 

1,300 thermal Mw. 

2,100 thermal Mw. 

Total 

1,600 thermal Mw. 

2,100 thermal Mw. 

Water consumed: 

If heated 10°F. 

If evaporated 

2,000 cu.ft./sec. 

26 cu.ftysec. 

3,300 cu.ft./sec. 

42 cu.ft7sec. 


'The equivalent net annual requirement for U 3 O 8 needed to replace the fuel consumed or to make new fuel. 


In terms of the fuel consumed and the 
waste effluents produced, fossil-fueled 
and nuclear-tueled electric generating 
plants are almost totally different. A good 
site for one type of plant may be an 

was a serious statement or not, the 
kind of concern it implied must go 
beyond the issues before the Board, 
which were primarily radiation 
safety and environmental effects, 
since blowing up a plant is not the 
way to increase safety or control 
environmental effects. 

This incident is probably an 
aggravated symptom of what ap¬ 
pears to be a widespread uneasiness 
as to where burgeoning technology 
of all kinds is leading us and 
whether the establishment is doing 
an adequate job of handling it. Such 
uneasiness in the face of unanswered 
philosophical questions about tech¬ 
nology in general is not news, but 


inefficient site for the other, and the 
problem of coordinating these charac¬ 
teristics with social and ecological con¬ 
straints promises nothing but more effort 
and frustration for the energy industry in 


the next decades. The table compares 
the fuel used and effluents produced 
annually by 1,000-Mw. coal and nuclear 
units. 


the significance of its practical ef¬ 
fect on the process of creating nu¬ 
clear power plants is less well 
known. An enormous amount of 
public discussion, much of it nega¬ 
tive and in many cases uninformed, 
has been focused on the nuclear 
power industry. The political conse¬ 
quences have led to a great elabora¬ 
tion and tightening of governmental 
requirements and reviews and a 
consequent large increase in the 
burden carried by managers and 
technologists in the industry and in 
the government agencies involved. 

Some of the debate has been in 
public hearings, which have cost 
millions of dollars directly and 


which in some cases have resulted 
in large financial losses for power 
companies and ultimately for power 
consumers by delaying the use of 
plants which have already been 
built. These hearings have provided 
an avenue—not open in most other 
technologies—for people who are 
uneasy about technology in general 
to try to slow down one specific as¬ 
pect of it. Further, because of the 
large financial losses involved in de¬ 
lays, the power companies have 
often settled for requested modifica¬ 
tions in their plants whether there 
was technical justification or not. 

Thus an attack really intended 
against technology in general, mis- 
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trusting its capability within existing 
systems to benefit mankind, has be¬ 
come in effect a very heavy attack 
on nuclear power in the U.S., be¬ 
cause regulatory procedures make 
nuclear power the one technology 
most open to attack, and probably 
also because it is new. This is 
ironical, because nuclear power has 
been from its very beginning, among 
all major technologies, the one most 
closely controlled and successfully 
guided toward preselected goals. 
Thus, one current cost of successful 
guidance of technological change, 
or at least of pioneering in such 
guidance, appears to be the delay 
and criticism incident to making 
open public debate a part of the 
process. 

The Mechanisms for Technological 
Control 

There are at least five fundamental 
mechanisms for controlling tech¬ 
nological development by law with¬ 
out resorting to totalitarianism or 
depending primarily on mythology, 
religion, or an uncodified public 
ethic. These are: 

□ Modification of economic incen¬ 
tives through tort liabilities, taxes 
and patent systems; 

□ Alteration of organizational 
structures in defined sectors (e.g., 
government ownership of selected 
technological industries); 

□ Definition of private rights (e.g., 
the right to a healthful environ¬ 
ment); 

□ Enactment of laws forbidding 
the use or limiting the number and 
nature of certain machines or tech¬ 
niques; 

□ Regulation by government 
agency, under laws defining at least 
to some extent that agency’s powers, 
methods, and goals. 

The nuclear power sector has pri¬ 


marily been controlled by the last 
of these methods. Although laws 
have been proposed in several states 
and in the U.S. Congress to declare 
a moratorium on nuclear power 
plant construction (the fourth 
method listed), none has passed. 
Inverse price structures (the more 
you use the more you pay per unit 
of consumption) have been dis¬ 
cussed as a way of limiting power 
demand, but have not been applied. 

The basic legal framework for 
societal control of nuclear power 
plants is currently embodied in four 
federal laws. The Atomic Energy 
Act of 1954, as amended, deals with 
radiation control, antitrust matters 
and national defense and security. 
The National Environmental Policy 
Act of 1969 deals with environ¬ 
mental effects in general and re- 

uires federal agencies to prepare a 

etailed statement on specified en¬ 
vironmental considerations in con¬ 
nection with every major federal 
action significantly affecting the 
quality of the environment. The 
Water Quality Improvement Act of 
1970 includes requirements for the 
control of thermal effects, as does 
the Refuse Act of 1899 as recently 
rejuvenated. There are also nu¬ 
merous state laws, some require¬ 
ments by regional authorities, and 
some local ordinances. 

In addition to existing statutes, pro¬ 
posed laws concerning power plant 
siting are now before the U.S. Con¬ 
gress and several state legislatures. 
In general they would require a de¬ 
termination, a number of years prior 
to the start of construction, that a 
proposed power plant site is suit¬ 
able. 

The current complexity of statutory 
requirements is underlain by a great 
and growing mass of detailed fed¬ 
eral, regional, and state regulations 


and an even more detailed imple¬ 
mentation of them in accordance 
with safety guides, codes, standards, 
precedents, and—one sometimes 
suspects—sheer caprice. 

The Means of Societal Control 

A typical sequence of activities re¬ 
quired to satisfy the Atomic Energy 
Act and related regulations for the 
construction of a nuclear power fa¬ 
cility begins with the preparation 
by an applicant of a Preliminary 
Safety Analysis Report, a document 
which occupies from two to five feet 
of shelf space and which contains a 
detailed design description and ra¬ 
diation safety analysis. This report 
must accompany the application for 
a construction permit. It is reviewed 
by the A.E.C.’s Division of Reactor 
Licensing, and detailed agreements 
—concerning design criteria, design 
bases, and predicted routine and 
off-standard radiation effects—are 
developed on the basis of this doc¬ 
ument. These detailed agreements 
often take two or more man-years 
of A.E.C. staff time and five to ten 
man-years on the part of the appli¬ 
cant and his designers and advisers 
(in addition to the effort required 
to develop the safety analysis re¬ 
port itself). 

The resulting record, along with 
the A.E.C. staff conclusions and 
recommendations, is next reviewed 
by the Advisory Committee on Re¬ 
actor Safeguards. If the committee 
finds that the plant can be built on 
the basis described without undue 
risk to public health and safety, it 
issues a letter to that effect to the 
Atomic Energy Commission. Then, 
if the A.E.C. concurs, after suitable 
notice, a public hearing is convened 
before an Atomic Safety and Licens¬ 
ing Board (A.S.L.B.) whose findings 
will result in the issuance or denial 
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Because the size ot nuclear plants is in¬ 
creasing and because controls on their 
design, construction, and operation are 
more pervasive, the time required to plan, 
build, and put into operation a nuclear 
plant is increasing. Planning for a typical 
900-Mw. nuclear plant which may now be 
under construction began early in 1963, 
and the plant may begin commercial op- 

by A.E.C. of a construction permit. 
Any qualified intervenor can become 
a party to the A.S.L.B. proceedings 
to contest issuance. Such contests 
are occurring increasingly often, and 
they can turn hearings into de novo 
reviews of radiation safety and en¬ 
vironmental matters. The whole 
process from initial application to 
issuance currently takes 20 to 30 
months. 

One prerequisite to the issuance of 
a construction permit (under the 
Water Quality Act of 1970) is cer¬ 
tification by the state involved that 
it will issue the equivalent of a water 
use permit. This certifies to the 
state’s understanding that thermal 
and other discharges to waterways 


eration in 1973, but planning must al¬ 
ready have started for a 1,100-Mw. unit il 
it it is to be completed and in operation 
by the end of 1984. Thus what used to 
take 9'h years is stretching to 13 1 /i 
years—an interval which may well exceed 
our ability to foresee the requirements 
which the new plant must fulfill. 


will be limited in accordance with 
state requirements based on federal 
guidelines. Another prerequisite is 
that the applicant submit an assess¬ 
ment of all significant environmental 
effects of the plant, stating why the 
particular site and technology was 
chosen in preference to alternatives. 
On the basis of this environmental 
report, the Atomic Energy Commis¬ 
sion prepares a detailed environ¬ 
mental statement incorporating 
comments from the 10 to 20 federal 
agencies concerned. In a recent 
landmark decision (Calvert Cliffs 
Coordinating Committee Inc., et al 
vs U.S. A.E.C., July, 1971) the U.S. 
Court of Appeals for the District of 
Columbia Circuit criticised the 


A.E.C. and required it to make a 
substantive, independent and public 
review of benefits versus environ¬ 
mental costs in each licensing case, 
including consideration of alterna¬ 
tives, irrespective of the fact that 
other state or federal agencies have 
certified that their own standards 
are satisfied. As a consequence, it is 
likely that the work necessary to 
describe and analyse all environ¬ 
mental effects of a plant and to jus¬ 
tify the choices made among alter¬ 
natives (e.g. alternative sites, 
methods of power generation, etc.) 
will be greater than any heretofore 
required for radiation safety con¬ 
trol. Since all of these matters are to 
be considered in public hearings 
subject to intervention and lengthy 
argument, there is more than a small 
possibility that long delays in licens¬ 
ing are in prospect. 

Design and construction activities 
must be carried out according to a 
detailed A.E.C.-approved quality 
assurance program. These activities 
are audited by the A.E.C. Division 
of Compliance to assure conform¬ 
ance with the quality assurance pro¬ 
gram and with the plans and objec¬ 
tives specified in the safety analysis 
report. 

To obtain a license to operate a 
completed facility, a process similar 
to that for obtaining a construction 
permit is repeated. It involves a 
Final Safety Analysis Report which 
is more detailed and definitive than 
the preliminary one and a revised 
environmental impact analysis. 

An A.S.L.B. hearing is not man¬ 
datory, although one is held if there 
is an intervenor, if the A.E.C. de¬ 
cides there should be a hearing, or if 
the applicant requests one. The 
practice under the present system is 
to submit an application for an op¬ 
erating license 24 to 30 months prior 
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The system for controlling nuclear power development is cumber¬ 
some, and at times inconsistent and confusing.... It is not easy to 
regulate closely a new technology which is developing very fast. 


to expected commercial operation. 
When finally granted, the operating 
license contains an appended tech¬ 
nical specification which summa¬ 
rizes, typically in some 100 pages, 
the technical conditions governing 
plant operation. There must also be 
detailed written operating and 
emergency procedures consistent 
with the technical specifications. 
The people who manipulate the con¬ 
trols of the unit must have opera¬ 
tor’s licenses, for which they must 
undergo training for several years 
and then qualify on the specific 
plant involved by passing an exam¬ 
ination conducted by the A.E.C. 

After the plant is in operation, any 
incidents which have safety impli¬ 
cations must be analysed and re¬ 
ported to the A.E.C., and if certain 
limits are exceeded the plant must 
be shut down until the matter is 
cleared with the A.E.C. Changes in 
technical specifications have to be 
approved by the A.E.C., as do 
changes to the plant which could 
affect its safety; the latter must be 
made under quality-assurance pro¬ 
cedures similar to those used in the 
original construction. Operations 
and modifications are, once again, 
audited by the A.E.C. Division of 
Compliance. 

Control: Effective, Cumbersome, 
Confusing 

Many difficulties are inherent in the 
present system for societal control of 
nuclear power plants, and these 
combine to raise serious obstacles 
in the process of creating power 
plants on time. A basic difficulty is 
that there remain uncertainty and 
confusion as to how the newest fed¬ 
eral statutes (the National Environ¬ 
mental Policy and Water Quality 
Acts) are to be interpreted, what 
the relationship is between them, 


and how they relate to existing or 
contemplated state laws and regula¬ 
tions and to the prerogatives of re¬ 
gional and local authorities. Some 
of these uncertainties and interrela¬ 
tions have been, or will become, 
matters of litigation. Some parts of 
the process are antiquated and irra¬ 
tional. For example, it is absurd to 
consider at a public hearing, as is 
done now, the issue of whether or 
not an already-constructed plant fits 
properly into the environment, un¬ 
less there is a clear case of potential 
damage not previously evaluated. 

Another inherent difficulty is that 
regulations and standards change 
with time, and there is a strong 
tendency on the part of regulators 
to force ex post facto conformance 
to new rules and standards adopted 
or proposed during the process of 
design and construction or after 
actual operations commence, even in 
cases where improvements in safety 
or environmental effects are margi¬ 
nal. Obviously, this can greatly com¬ 
plicate design and construction. 

Although the system for controlling 
nuclear power plants does indeed 
work, it is cumbersome and at times 
inconsistent and confusing. But one 
should not attribute a balance of 
virtue or fault to either the legisla¬ 
tors, the regulators, the courts, or the 
creators of power plants. The diffi¬ 
culties may only illustrate that it is 
not easy to regulate closely a new 
technology which is developing very 
fast. The important thing is to im¬ 
prove the definition of goals and the 
methodology of regulation, so that 
the process becomes less subject to 
delay, confusion and unproductive 
manipulation. 

Planning for Power Capacity 
Having outlined the current method¬ 
ology for regulating nuclear power 


development, it may be useful to 
examine what the process means in 
practice. 

The creation of a power plant com¬ 
mences when an individual electric 
power utility organization, usually 
in coordination with its neighbors 
(e.g., a regional power pool) in¬ 
cludes it in a 10- or 20-year plan for 
meeting projected demands for 
power capacity and energy produc¬ 
tion. For a number of reasons, this 
planning process has become very 
complex. First, demand for power 
has increased exponentially at 7 to 
12 per cent per year (depending on 
the particular region), sometimes 
faster than predicted. Second, in the 
past 20 years there has been a revo¬ 
lution in the technology and scale of 
power generation which alone has 
imposed a major burden on many 
organizations. Third, state, regional, 
and federal regulations have be¬ 
come so complex, demanding, and 
sometimes confusing as to seriously 
disturb the planning and even the 
construction process, as already 
noted. Fourth, serious delays in 
building large plants have occurred 
due to problems with labor and con¬ 
struction management. Fifth, the 
slowness of the rate-making proc¬ 
esses whereby power prices can be 
changed to respond to increased 
costs, together with the very large 
requirement for construction capital, 
have created difficult and in some 
cases crucial financial problems and 
have forced some organizations to 
defer building needed capacity. 
Sixth, the need to correct defects 
in engineering and construction 
have sometimes led to construction 
delays and to reduced availability 
of newly-constructed plants after 
start-up. 

All of these effects and related un¬ 
certainties make it very difficult to 
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Actual: 

Estimated: 


Number of 1,000-Mw. 
units needed per year: 

1965-1970 

1970-1980 

1980-1990 

Fossil-fueled 

15 

15 

16 

Nuclear-fueled 

2 

14 

35 

Number of nuclear 

sites needed per year 

Thousands of miles 
of transmission lines 
needed per year: 

2 

7 

17 

<200 kv. 


5 

5 

>200 kv. 


5 

5 


In the next two decades, the U.S. will 
continue to build tossil-fueled generating 
capacity at the rate experienced since 
1965. But nuclear-tueled plant construc¬ 
tion will increase rapidly, and between 
1980 and 1990 sites tor 17 new 1,000-Mw. 
nuclear units will be needed each year — 


predict when capacity can be re¬ 
alized and at what cost. Conse¬ 
quently, for every new plant now 
being planned it is necessary to pur¬ 
sue alternative development se¬ 
quences in parallel; and this must 
continue even after construction 
starts, in order to assure that—one 
way or another—sufficient capacity 
is developed on time. 

The planning process, subject to the 
difficulties described, is characterized 
in the accompanying chart (p. 26), 
which shows the major steps needed 
to create nuclear power capacity. 
For a 900-Mw. nuclear unit sched¬ 
uled for operation in about 1973, 
the search for a site commenced in 
1964, nearly 10 years before the 
projected date of commercial opera¬ 
tion. But for an 1100-Mw. nuclear 
unit scheduled for commercial op¬ 
eration in 1984, site search—at least 
in our opinion—should commence 


a prodigious requirement in terms of any 
current experience. Routes lor transmis¬ 
sion systems will also be in keen de¬ 
mand. The table shows the new con¬ 
struction achieved in the continental U.S. 
in 1965-70 and that forecast for the 
next two decades. 


in 1971, more than 13 years before 
the expected issuance of the com¬ 
mercial operation license. Longer 
time is required for constructing the 
larger unit, but the most important 
factor in the changing “lead time” is 
the proposed federal requirement 
that power plant sites be qualified 
five years in advance of the start of 
construction, at least nine years be¬ 
fore commercial operation. 

Thus the whole process of planning, 
building, and starting-up a major 
nuclear power unit may consume in 
the order of one third of the total 
working career of the persons in¬ 
volved. The same time span is likely 
to cover three to five changes in 
political administrations, which have 
a great deal to say about what is ac¬ 
ceptable and what is not. 

The lengthening lead time poses 
several difficulties. First, judgments 
and determinations as to the eco¬ 


nomic and environmental appropri¬ 
ateness of a given location, or of 
acceptable technical alternatives for 
development of the same site, be¬ 
come less accurate for a more dis¬ 
tant future. Second, changes in rules 
and regulations over time may ne¬ 
gate initial choices. Third, particu¬ 
larly in the absence of generally 
accepted goals, the ground rules 
tend to change with changes of poli¬ 
tical administration, sometimes in 
unwarranted and unpredictable 
ways. 

Since lead times are different for 
different types of power plants (nu¬ 
clear plants, for example, require the 
longest lead time), the planner may 
tend to prefer—or even be forced, if 
the planning process slips out of con¬ 
trol—to use those types of plants 
with shorter lead times. This is one 
reason why the market for gas tur¬ 
bines has been large recently: al¬ 
ternatives are blocked as time runs 
out, power demand is growing, and 
the only choice left is to use units 
which can be built with short lead 
times—but which may not be the 
most economical or beneficial in the 
long run. \ 

Siting of Nuclear Power Plants 

A very large number of generating 
units and sites for power stations 
will be required annually in the 
United States in the next decade; 
the accompanying chart illustrates 
the magnitude and importance of 
the job which has to be done. For 
example, it is estimated that some 
70 new sites for nuclear power 
plants will be needed in the 1970’s. 
When one sets out to find a nuclear 
power plant site, one may often 
want it to be suitable also for large 
fossil units in order to keep the op¬ 
tions open. Since nuclear plants re¬ 
quire longer lead time, they will still 
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Statutes now under consideration propose that several alternative 
sites for a given power capacity be qualified five years before start 
of construction. Qualification of each will cost several million dollars. 


control the timing of the develop¬ 
ment steps. 

The major considerations in finding 
a proper site for a large power plant 
are related to environmental effects 
and economics. The environmental 
effects in turn are related to the 
quantity and kinds of wastes, in¬ 
cluding radiation from nuclear 
plants and waste energy to be dis¬ 
posed of as heat to the environment. 
Two accompanying charts show the 
amount of waste energy to be ex¬ 
pected for large nuclear and fossil 
units, and the radiation exposure at¬ 
tributable to routine releases from a 
nuclear unit of a particular design. 
As can be seen, exposure from a nu¬ 
clear power plant—even under pres¬ 
ent regulations—is estimated to De a 
small fraction of natural expo¬ 
sure. Recently-proposed regulations 
would lower exposure from nuclear 
power plants even further. In addi¬ 
tion, in the case of nuclear power 
plants it is necessary to consider po¬ 
tential risks from accidents which 
could release radioactive materials— 
a subject to which I shall return. 

Various power plant siting statutes 
now under consideration propose 
that several alternative sites for a 
given power capacity increment be 
qualified five years prior to start of 
construction. We cannot know at 
this stage how much environmental 
analysis will be needed or appro¬ 
priate to qualify a site, but it is al¬ 
most inevitable that the rights to 
acquire land plus the environmental 
and preliminary design studies 
needed for such qualification will in¬ 
volve several million dollars. The 
process will require preliminary me¬ 
teorological, hydrological, geologi¬ 
cal, foundation, seismic and demo¬ 
graphic investigations of each poten¬ 
tial site; and these studies will re¬ 
quire analysis with respect to poten¬ 


tial environmental effects from both 
routine operations and potential ac¬ 
cidents. The plant must be designed 
to safely contend with floods, earth¬ 
quakes, tornadoes, hurricanes, sabo¬ 
tage, and sometimes airplane 
crashes, and accidental off-site ex¬ 
plosions. Designs are therefore re¬ 
quired to withstand events which 
are severe and very unlikely—that is 
to say, have mean reoccurrence in¬ 
tervals of less than once in 10,000 
years. The criteria for design and 
the design targets (e.g. flood 
heights) have to be established at 
the stage of site qualification, well 
before construction starts. 

Purchasing and Detailed Design 

Present practice is to buy a nuclear 
steam supply system from a single 
supplier (there are five of them in 
the U.S. for the types of plants now 
being built) and at the same time to 
purchase a matching turbine gen¬ 
erator and at least a first load of 
nuclear fuel. To come close to mak¬ 
ing equitable contracts requires 
skilled and experienced manage¬ 
ment, including both legal and tech¬ 
nical capability. Because this capa¬ 
bility has not been sufficient on 
either side of the table in the past, 
the nuclear power industry has not 
yet stabilized in the sense of learn¬ 
ing how to make equitable contracts 
which properly provide for future 
contingencies, including changes in 
regulations. 

Detailed design commences at the 
time the principal suppliers are 
chosen, with two interrelated efforts: 
establishing the design concepts and 
criteria to be reflected in the Pre¬ 
liminary Safety Analysis Report 
(P.S.A.R.) and producing sufficient 
foundation drawings so that con¬ 
struction can commence on sched¬ 
ule. 


Safety analyses now incorporated 
in the application for a license are 
founded primarily on value judg¬ 
ments of how safe is safe enough, 
and in the end they will always have 
to be that. But there is a developing 
trend toward use of more quantita¬ 
tive analysis of risk coupled with a 
growing tendency to set, at least in¬ 
formally, quantitative limits on risk. 
For example, one could in principle 
set a standard of acceptability in 
terms of the probabilities of acci¬ 
dents of various magnitudes—one 
could specify, in other words, the 
permissible probability for a given 
risk to people with smaller chances 
for larger effects (see Technology 
Review for July/August, 1969, pp. 
73-74). If this could be done, then— 
given a power-plant design—each of 
the postulated normal and abnormal 
transients and accidents could be 
analyzed so as to relate the prob¬ 
ability of its occurrence to the sever¬ 
ity of the consequences. If, then, the 
combination of probability and se¬ 
verity fell below an agreed limit, the 
safety of the plant would be con¬ 
sidered adequate. 

While one can develop a fairly 
good estimate of the consequences 
of various hypothetical transients 
and accidents, it is difficult at this 
stage to make responsible quantita¬ 
tive estimates of the probabilities of 
occurrence. But such estimates, even 
when limited to qualitative consider¬ 
ations, are often fruitful because 
they help us keep in perspective 
what is important and what is not. 
The nuclear power industry seems to 
be ahead of most others in develop¬ 
ing such methods and in setting 
safety goals at a very low risk level. 

Then there is the unavoidable ne¬ 
cessity to balance safety against eco¬ 
nomics—to evolve what might be 
termed an acceptable risk-versus- 
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benefit ratio. While it seems distaste¬ 
ful to balance benefits—particularly 
as measured in economic terms— 
against risks to people, this is in fact 
what is done now tacitly, by judg¬ 
ment, in any field of engineering and 
in many other fields such as medi¬ 
cine and perhaps even foreign 
policy. One does this also in every¬ 
day life, although one usually does 
not think very deeply about it. 

With nuclear power plants the cost 
of changing risk levels can be high. 
For example, in one case, $30 million 
was spent in order to lower the risk 
of a particular type of incident 
which was already judged to be low 
(in the region of one chance in one 
million per year) to an even lower 

robability of occurrence, judged to 

e approximately one chance in 100 
million per year. 

(Incidentally, this discussion of de¬ 
sign, in emphasizing some things 
which relate to societal control and 
public safety, leaves aside the very 
large amount of first-class engineer¬ 
ing capability, and the very large 
magnitude and complexity of the 
engineering effort, required to de¬ 
sign a nuclear power plant.) 

Construction and Operation 

For the past five years the construc¬ 
tion of large nuclear power plants in 
the United States has been out of 
control, in the sense that initial cost 
estimates and schedules developed 
at the start of most of these projects 
have not been realized by large 
margins. 

In some cases this has come about 
because the organizations involved 
were not sufficiently experienced to 
handle design and construction proj¬ 
ects of such large magnitude and 
complexity within original estimates. 
The difficulties have sometimes de¬ 
veloped because of unanticipated la¬ 
bor inefficiency and strikes, short¬ 
ages of skilled workers, and the im¬ 
position of very stringent quality as¬ 
surance programs and regulatory re¬ 
quirements—the implications of 
which were not clearly understood 
or defined at the outset. These ef¬ 
fects can conspire together against 
the power developer: for example, 
on one particular plant now under 
construction the net effect of these 
problems is a delay of a year and a 
half in commercial operation and 
cost increases of about $100 million, 
compared to the original targets. 

But the industry is learning, and 
the potential benefits of nuclear 


power (especially low fuel costs) 
have, up to now, still outweighed 
the difficulties in most cases. 

About two years before a plant is 
scheduled for operation at power, a 
detailed plan—subject to influence 
by the A.E.C. and others—must be 
developed for pre-operational test¬ 
ing and qualification of the many 
systems and sub-systems involved. 
Only when this complex series of 
pre-operational tests has been com¬ 
pleted can an operating license be 
issued. When this is done and the 
reactor is placed in operation, an¬ 
other set of integrated tests is 
carried out at low and high power to 
verify that its performance, particu¬ 
larly with respect to nuclear safety', 
is satisfactory. 

Operating experience indicates that 
large nuclear power plants will per¬ 
form well once specific problems 
which arise during initial operation 
are corrected. There have been oc¬ 
casional initial operating difficulties 
such as unexpected cracks in pres¬ 
sure parts, leaks in fuel cladding and 
steam generators, vibration in 
pumps and pipes, and unanticipated 
plant-staff workloads, for example in 
connection with the processing of 
radioactive wastes and the surveil¬ 
lance of instrumentation and safety 
equipment. 

The Need for Guidance 

These long and sometimes tedious 
processes which have evolved to 
guide the development of nuclear 
power in the U.S. have been success¬ 
ful up to now, if one judges by the 
current status of the technology 
compared with the goals defined for 
it in the Atomic Energy' Act of 1954. 
Although there are increasing diffi¬ 
culties at the moment because goals 
are being redefined (for example, by 
new environmental laws) and be¬ 
cause procedures, requirements, and 
standards are being elaborated and 
to some extent confused, one can 
hope in the long run for reasonable 
solutions. 

So this case history of the societal 
guidance of a major new technology 
is encouraging in its suggestion that, 
despite difficulties, processes to 
guide specific technologies toward 
preselected societal objectives can 
indeed be worked out. It is encour¬ 
aging also because these processes 
were developed without the motiva¬ 
tion of even minor disasters. 

Whether such processes can or will 
be developed on a world-wide basis 


fast enough to beneficially guide the 
rapidly increasing use of all the new 
and powerful tools and techniques 
of mankind is an open question. But 
there is no chance of solving such 
problems if, because of discourage¬ 
ment, we make no attempt or if we 
expect simplistic solutions and over¬ 
night answers. Any successful proc¬ 
ess of defining societal goals and 
evolving methods for the control of 
man’s tools will have to be based on 
gathering information and thinking 
about it. In a word, science—politi¬ 
cal, social, economic, psychological 
and physical science—is the only 
workable basis. Those who, like the 
prospective bomber I mentioned, re¬ 
ject such a process and propose de¬ 
stroying existing systems and institu¬ 
tions and starting all over, are on the 
wrong track—a potentially disas¬ 
trous one. 

Following the path of thoughtful 
action requires care. The logic must 
be broadly based, so that whole 
problems are compassed, not just 
parts of them, and so that methods 
adopted have no irreversible hidden 
traps. And the overall objectives 
must be based on some system of 
values. No one, even including the 
U.S. National Academies of Science 
and Engineering, has yet been right 
enough about values, goals and 
methods to really understand and 
direct the very rapid spread of tech¬ 
nology in general. Collectively, we 
are not sure what we want. 

Technologists must now become far 
more active than heretofore in the 
effort to define goals and develop 
methods for societal guidance of our 
tools and techniques. I believe this 
is true not only because the effort of 
thinking men is needed, but also be¬ 
cause engineers are more likely than 
others to understand how the tools 
can be modified in detail to achieve 
specific purposes. They may thus 
help inject some realism into the 
development of a philosophical and 
practical basis for action. A continu¬ 
ing series of evolving solutions over 
many years is probably the only 
realistic thing to hope for. I think it 
therefore especially important to call 
the attention of students to these 
matters, because contributions from 
those who are students now will 
probably be needed throughout 
their lifetimes. 
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System Energy 
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1 


The United States in a typical year 
of the late 1960’s used some 55,000 
trillion B.t.u. of energy for all major 
activities. Transportation accounted 
for about 24 per cent of this total 
energy, or about 100 billion petro¬ 
leum gallons if 130,000 B.t.u./gal. are 
allowed. This represents more than 
half of the 174 billion gal. of petro¬ 
leum consumed in the U.S. It is a 


sufficiently large component of our 
total energy use to justify careful 
analysis, in a time when our overall 
energy supply-and-demand system is 


coming under ever-sharper scrutiny. 

Transportation is responsible for 
about 20 per cent of the gross na¬ 
tional product (G.N.P.)—in 1965, 
about $140 billion. It could be said 


that to “generate” $140 billion of 
transport user payments and 
charges, some 88 billion gal. of fuel 
(or the electrical equivalent) were 
used, and that each gallon burned 
thus “generated” some $1.60 of 
transport activity. With fuel and 
power generally available to the 
typical transport operator at 11 to 23 
cents/gal., not including taxes, fuel— 
or energy cost—constituted between 
10 and 15 per cent of all transport 
user costs for most transport modes. 

A second way of looking at this is 
that some 1,300 billion local and in¬ 
tercity passenger-miles and 2,000 
billion local and intercity cargo-ton- 
miles were moved in 1965. The total 


movement of 3,300 billion capacity- 
miles by 88 billion gal. of fuel shows 
a total national propulsion efficiency 
of 37.5 net payload unit-miles/gal. 
used. Some 2,400 billion unit-miles 
of intercity transportation were ac¬ 
complished with perhaps 41 billion 
gal. of fuel—a rate of 58 unit-miles/ 
gal. The urban sector—with autos, 
transit, and regular trucks—may 
have generated 800 billion transpor¬ 
tation miles with 40 billion gal. 


(20-miles/gal.). The balance, some 
200 billion unit-miles not easily iden¬ 
tified, must represent specialized 
services consuming the remaining 15 
billion gal. of fuel at a yield of only 
13 unit-miles/gal. 

In the United States, in terms of 
gross-ton-miles moved (4,280 bil¬ 
lion), the railways account for half 
the operation of nonurban transport. 
In the mid-1960’s they moved over 
2,200 billion gross-ton-miles annu¬ 
ally with 4.0 billion gal. of diesel 
fuel; their gross efficiency, including 
passenger trains, was 550 ton-miles/ 
gal. In contrast, the airlines used 2.0 
billion gal. of fuel to fly only 60 bil¬ 
lion gross-ton-miles. Highway ve¬ 
hicles moved 1,320 billion gross-ton- 
miles using 35.2 billion gal. for a 
general efficiency of 37.6 ton-miles/ 
gal. Intercity transportation as a 
whole accounted for 41 billion gal. 
of petroleum—two-thirds used in 
private automobiles—and had a 
gross propulsion efficiency during 
the 1960’s of 104 ton-miles/gal. The 
total net intercity propulsion effi¬ 
ciency was 58 unit-miles/gal. For 
freight, the figures (gross and net) 
were 290/140; for passengers, 33/26. 

The figures for urban transporta¬ 
tion are, of course, very different. 
Using 1965 estimates, all suburban 
railway transportation—6 billion 
passenger miles—required some 70 
million gal. of petroleum or the 
equivalent in electric energy; this 
represents some 85 passenger-miles/ 
gal. Other urban public passenger 
carriers—buses, limousines, taxicabs, 
etc.,—used 400 million gal. of fuel. 
Private automobiles in urban service 
used 35 billion gallons of fuel, 60 
per cent in trips of 2Vz miles or less. 
Add to these the totals for urban 
trucking and parcel delivery (5.4 
billion gallons) and institutional ve¬ 
hicles (1.8 billion gal.), and the re- 
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Gallons of fuel used per mile 
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Passenger miles per gallon 
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Commuter train 
Intercity coach train 
Pullman train 
Electric metroliner 
10-car subway train 

Intercity bus 
Two-deck urban bus 

Jumbo jet (747) 
Smaller jet (707) 
STOL plane 
Helicopter 
Helium-lift aircraft 
Proposed U.S. S.S.T. 

Automobile 

"Queen Mary” 

“Q.E.ir 

Paddlewheel river 
steamer 




In passenger transit, the high performers 
in terms ot net passenger miles moved 
per gallon ot fuel are buses and com¬ 
muter trains; the more exotic, taster 
means of transport are lower in effi¬ 
ciency, and so are such hard-to-die 
luxuries as superliners and Pullman 


In freight service pipelines, inland water¬ 
ways, and railroads do not use significant 
amounts ol energy in relation to goods 
moved. In fact, writes the author, in 1965 
these three forms of transport used only 
about 5.5 billion gal. of petroleum (7 per 


(overnight) trains. A trend to the most 
efficient forms ot passenger transport, 
writes the author, would considerably in¬ 
crease the U.S. national propulsion effi¬ 
ciency. Note that the horizontal scales 
are logarithmic. 


cent of U.S. transport energy) to provide 
1,250 billion cargo-ton-miles of service 
and 60 per cent ol all gross ton-miles 
moved in the U.S. Note that the horizontal 
scale is logarithmic. 


suit is 42.7 billion gaL of petroleum 
or equivalent annually devoted to 
U.S. urban transportation in the mid 
1960’s. 

In addition to the above, a small 
part of the fuel recorded as used in 
intercity traffic is in fact used within 
urban areas at the start and end of 
each intercity trip. Thus one may 
hypothesize that perhaps as much as 
47 billion gal. of petroleum or equiv¬ 
alent energy was consumed for 
transportation within the 2 per cent 
of the U.S. continental area classified 
as urban; 41 billion gal. were burned 
in the other 98 per cent of the coun- 
try. 

Future Petroleum Commitments 
Since the typical single automobile 
runs 10,000 miles per year and in so 
doing uses 670 gal. of fuel, it is easy 
to see that it is consuming about two 
tons of petroleum annually. In other 
words, die auto just about consumes 
its own weight in fuel every 12 
months. In 1960 there were in the 
world a total of about 150 million 
autos, using 300 million tons of pe¬ 
troleum. 

It is revealing to compare this with 
the annual energy consumption of a 
few other transport craft units, as 
shown in the table on page 33. A 
bus consumes six times its weight. 
A DC-6 uses 70 times, and a 707, 175 
times its weight. The proposed 375- 
ton S.S.T. would have swallowed 
240,000 tons of fuel, or 640 times its 
takeoff weight, per year. The old 
“Queen Mary” superliner of 160,000 
h.p. used almost 400 gal./mi. of 
“Bunker ‘C’” fuel oil to drive her 
across the Atlantic: in a year, she 
used up to 200,000 tons of petroleum 
—compared to her gross weight of 
80,000 tons. But a single Concorde 
S.S.T. aircraft, weighing 180 tons 
and flying 11 hrs./day, might con¬ 
sume 25 million gal. of fuel annually; 
and the present jumbo-jet—at 320 
tons—21.5 million gal. A fleet of 900 
of the latter—which has been fore¬ 
cast—makes our future petroleum 
commitment look alarmingly sizable. 
Indeed, if all present air carrier 
transport plans should materialize, 
some 88 billion additional gallons of 
fuel might be required per year for 
transportation by 1985. Of this in¬ 
crease, automobiles are estimated to 
need 28 billion gal. and larger air 
transport craft, 43.5 billion gal. To¬ 
gether, they account for 80 per cent 
of the projected increase. 

Another large increase, 4 billion 


Ton miles of cargo per gallon 
1 10 100 
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1,000 
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Large pipeline 

Inland barge tow 
15,000-ton containership 
100,000-ton supertanker 

200-car freight train 
100-car freight train 
40-car freight train 

Turboprop air freighter 
165-ton hovercraft 
Small cargo jet (707) 
Large cargo jet (747) 
60-ton helicopter 
20-ton helicopter 

40-ton truck 
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Average annual fuel consumption per vehicle (gallons) 

100 1,000 10,000 100,000 1 x 10® 10x10® 100x10® 
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Automobile 
Intercity bus 
Intercity truck 

Freight train 
Passenger train 

Cargo ship 
Supertanker 
"Queen Mary” 

DC-6 
B-707 
8-747 
Concorde 
C-5A 
U.S. S.S.T. 


gal., would be required by intercity 
trucking, while smaller private 
planes would need 4.7 billion gal. 
more. Railroads, buses, pipelines, 
and waterways combined would re¬ 
quire 3.7 billion gal. more. The latter 
four carriers are thus not critical 
contributors to the projected soaring 
petroleum demand, and some exten¬ 
sion of railroad piggyback service 
could, in addition, alleviate the 4- 
billion-gal. increase that trucks 
otherwise might need. This leaves 
automobiles and aircraft as the tar¬ 
gets for further study if we are com¬ 
pelled to revise future fuel com¬ 
mitments. 

Urban Transport Energy Needs 
In anticipating fuel requirements 
and in planning the directions for 
future technological development, it 
is instructive to compare the true 
energy efficiencies of various trans¬ 
port modes. This is done in the ac¬ 
companying tables on the basis of 
their net propulsion efficiencies 
(N.P.E.’s), the number of cargo-ton- 
miles or passenger-miles moved per 
gallon of fuel. 

In passenger transport, the high 
performers seem to be buses and 
commuter trains with N.P.E.’s of 100 
or over. These provide the highest 
yield, and a trend to these modes 
would increase our national propul¬ 
sion efficiency. 

The automobile with an N.P.E. 
around 30 to 40 is about average for 
passenger movement. Air transporta¬ 
tion is slightly less efficient. Such 
now-largely-discontinued methods 
as the ocean liner and the Pullman 
sleeper may owe their decline in 

f >art to their low N.P.E. deriving 
rom their high weights per pas¬ 
senger. However, three proposed 
modes for future overland service— 
the S.S.T., the helicopter, and the 
hovertrain—all seem to have lower 
N.P.E.’s than even conventional 
autos or air travel. 

In 1960, domestic trunk air-route 
service required approximately 2 
billion gal. of fuel (in 1955, it was 
only about one billion). By 1965, 
domestic routes required about 4 
billion gal. and in 1970, 8 billion. 
Between 1955 and 1970, the regular 
domestic-route airlines thus in¬ 
creased their fuel consumption 
about eight times, while the traffic 
carried in terms of passenger-miles 
rose only about six times. 

Pipelines, inland waterways, and 
railroad freight do not use significant 


If and when absolute tuel consumption 
becomes a primary issue in transporta¬ 
tion planning, engineers will discover how 
extravagant are today's more exotic (and 
faster) forms of transit. The figures given 
above are based on the current average 
service required of each vehicle, ranging 
from less than one hour per day tor the 


Automobiles have by far the greatest 
claim on energy resources used for urban 
transportation. A major reduction in 
energy expended—and presumably in ur¬ 
ban pollution problems—could be 
achieved if automobiles could be elimi¬ 
nated for trips of three miles and less. 


automobile to 20 hours per day for a 
supertanker. Though freight cars move an 
average of only about one hour a day, 
locomotives (the figure above) are esti¬ 
mated at between 5 and 6 hours' travel 
per day. Note that the horizontal scale 
is logarithmic. 


While an automobile accomplishes some 
30 to 40 passenger-miles of transport 
per gallon of fuel used, a bicyclist ob¬ 
tains about 1,000 passenger-miles 
tor the same energy input, about 
130,000 B.t.u. or 34,000 calories 
(keal.) 


Annual fuel consumption in 
gallons of petroleum or electrical 
equivalent 


1 


Suburban railways 

Public passenger carriers 
(buses, taxis, limousines) 

Automobiles (trips ^ 3 mi.) 
Automobiles (trips < 3 mi.) 

Urban trucking 

Institutional vehicles 


10 

I 


100 
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All ol the principal system alternatives 
tor passenger transportation tor which 
data are readily available are com¬ 
pared in this chart in terms of their 
net propulsion efficiency, the number of 
passenger-miles moved per gallon of 
fuel. Note that the number of passengers 
on which the efficiency is calculated is 
not necessarily a maximum capacity 
but Is instead an average figure tor 
present experience. Efficiency rises dra¬ 
matically as more passengers are ac¬ 
commodated; with three occupants a 
Volkswagen "beetle” comes out with a 
net propulsion efficiency of 100. 


Number of 
passengers 

Obsolete systems: 

S.S. "Queen Mary" 1,600 
1930 V-16 sedan 2 
1850 steam train 80 
Double-deck urban bus 20 

Current systems: 

Cabin yacht 4 

Helicopter 24 
Automobile (urban use) 1 
Corporate jet 8 
Modern cruise liner 1,250 
Pullman train 100 

DC-8 jet 78 
DC-6 plane 33 
Jumbo jet (B-747) 210 

Taxi 3 

Airbus (DC-10) 180 

Automobile (average use) 2 
Private plane 3 
Urban bus (noon) 12 
P.C.C. street car (noon) 36 
Volkswagen "beetle” 2 
Motorcycle (5 h.p.) 1 

London-Manchester train 400 
Two-level commuter train 1,200 
Highway bus 22 
Motorcycle (2 h.p.) 1 

Volkswagen Microbus 7 
Some proposed systems: 

U.S. S.S.T. 150 

250-m.p.h. TACV 48 

Tilt-wing VTOL 48 

Urban monorail (one car) 20 
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Intercity transport of passengers and our goal is to increase a total national 
freight in the U.S. varies markedly in propulsion efficiency, we will concentrate 
efficiency, as measured in terms of the on those methods of moving goods and 
net payload (pounds or individuals) people which show the highest net pro- 
carried per gallon of fuel consumed. It pulsion efficiency. 



Current government policy favors the de- But the propulsion efficiency data pre- 
velopment of air and highway transport. sented by the author suggest that 


If planning subsidies continue to en- changes in national policies and priorities 

courage use of these methods, automo- may in fact be overdue, and he suggests 
biles, aircraft, and trucks will maintain that the balance between transportation 
their growth as transportation methods. methods may be altered before 1990. 


amounts of energy in relation to 
goods moved. In fact, at about 1965 
levels, these three carriers used only 
5.5 billion gal. of petroleum (or 
about 7 per cent of U.S. transport 
energy) but provided some 1,250 
billion cargo-ton-miles or roughly 40 
per cent of all useful overland pas¬ 
senger and ton-miles generated. In 
terms of gross ton-miles moved, 
these three carriers accounted for 
60 per cent of all transport. 

Trucks achieve approximately 50 
eargo-ton-miles/gal., less than half 
the efficiency of intercity freight as 
a whole. Airfreight transport, which 
apparently yields only about five to 
ten cargo-ton-miles/gal., thus ap¬ 
pears suitable only for goods requir¬ 
ing more expedited service. 

Projected Total Energy 
and Transport Outlook 

Long-range forecasts indicate that 
total U.S. energy use may continue 
at about 100,000 B.t.u. per dollar of 
gross national product (tme G.N.P. 
in terms of 1958 dollars). Taking 
median government forecasts of 
G.N.P. of $970 billion in 1980 and 
$1,300 billion in 1990, the corre¬ 
sponding energy forecasts for tril¬ 
lions of B.t.u. are 108,000 and 
145,000 respectively. 

Inserting the most optimistic air 
transport fleet data and high auto¬ 
use projections, we find that in 1980, 
aircraft and autos might consume 
77 per cent of transport energy and 
in 1990 an estimated 82 per cent. In 
1960 and 1970, these figures were 
60 and 68 per cent, respectively. 

Of the projected growth of 163 bil¬ 
lion gal. of petroleum consumption 
from 1960 to 1990, air and autos 
would thus consume 150 billion gal. 
or 92 per cent. This increase by 
1990 in air and auto usage alone is 
far more than the entire 1960 trans¬ 
port energy use. 

The impact of such an increase at¬ 
tributed to the two relatively high- 
energy transport modes is hard to 
anticipate. But it is probably fair to 
suggest that unless air travel can de¬ 
liver more than the current 20 to 25 
passenger-miles/gal., the increase 
projected will in fact not be ful¬ 
filled. The prospect for burning from 
50 to 90 times as much petroleum in 
the sky as in 1950 does not look 
realistic in view of current concern 
over air pollution; and the same con¬ 
cerns may also serve to stimulate 
alternatives to the motor vehicle for 
intercity and urban transport. Fur- 
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The human being and the bicycle are uniquely efficient as 
transport, and man’s increasingly innovative devices are 
uniquely inefficient. As energy becomes more costly, 
propulsion efficiency may become a criterion of wide concern. 


thermore, if fuel supplies grow short, 
efficiency will become an issue of 
greater concern; and public atten¬ 
tion is likely to focus on the vastly 
more efficient rail, water, pipeline, 
and even large truck systems. 

Human Energy as a 
Transport Standard 

While the chemistry and metabolic- 
rates associated with human activ¬ 
ities—especially walking, cycling, 
canoeing, and hiking—have long 
fascinated scientists, it is only re¬ 
cently that consideration has been 
given to the environmental desira¬ 
bility of encouraging human propul¬ 
sion as a substitute for the urban 
auto. Human propulsion energy 
needs are quite small. 

The Sierra Club advises that hikers 
planning their daily trek should al¬ 
low one hour for each 2% miles 
along level trails, plus one hour for 
each 1,000 ft. of vertical ascent. As¬ 
suming a 160-lb. man, the continu¬ 
ous “hiking thrust” at a 2.5-m.p.h. 
walk works out to 12.3 lb. or 0.082 
h.p. for a smooth trail. Ascending at 
the rate of 1,000 ft./hr. (160,000 ft.- 
lb./hr.), we get 2,670 ft.-lb./min. or 
also 0.082 h.p. These rough es¬ 
timates would indicate that a slow 
walk requires around 1/12 h.p. 

The author’s studies of bicycling in¬ 
dicate that, assuming 40 lb. for the 
vehicle, a thrust of 6.7 lb. is required 
to average 15 m.p.h. on the level, or 
about 0.27 h.p. At 20-m.p.h., a 10-lb. 
thrust indicates power up to 0.5 h.p. 
Leisurely cycling at 10 to 12 m.p.h. 
with five-lb. thrust thus is estimated 
to use about 1/8 to 1/6 h.p. 

Many sources confirm that a person 
hiking or cycling five to six hours 
daily will actually add some 1,500 to 
1,800 calories to his average daily 
need. Thus a very rough estimate of 
human propulsion efficiency can be 


made by noting that 1,800 “extra” 
calories of input in a moderately ac¬ 
tive male can yield at least 14 h.p. 
for five to six hours of measurable 
output—a total of 0.75 horsepower- 
hours. 

For the 1,800 calories (7,000 B.t.u.) 
that a cyclist uses, he is travelling 
some 72 miles at 12 m.p.h.: figuring 
a 200-pound craft (cyclist and cy¬ 
cle), he is performing 7.2 gross-ton- 
miles of transport work. This implies 
a propulsive efficiency of over 45 per 
cent for a male cyclist in good condi¬ 
tion, while most engine-powered 
units have a net propulsive yield of 
about 25 per cent. In terms of pe¬ 
troleum units, a cyclist can reach the 
equivalent of over 1,000 passenger- 
miles per gallon, per 130,000 B.t.u., 
or per 34,000 calories. 

If bicycle and pedestrian journeys 
were substituted for two-thirds of 
the 2,050 trips of two miles or less 
that most urban autos make per 
year, the savings per household 
(@1.3 autos) would be 1,800 trips 
involving 270 gal. of fuel (about 
35 million B.t.u. per household). 
For this there would presumably be 
substituted the requisite 1,800 per¬ 
sonal one-way trips, each of which 
by cycle or walking would consume 
only about 500 B.t.u. of human en¬ 
ergy from 130 calories. The annual 
household total for these 1,800 trips 
is thus about 1 million human B.t.u., 
which replaces the 35 million auto¬ 
mobile B.t.u. Extrapolation of this 
35-fold saving to a city of 1 million 
population owning 300,000 autos 
and using 80 million gal. of fuel 
(around 10 x 10 12 B.t.u.) yields a 
significantly lower fuel consumption. 

Long-Run Energy Implications 
Though projections for increased 
U.S. energy use, and especially pe¬ 
troleum use, can be made based 


upon G.N.P., the Imitations on both 
petroleum supplies and energy- 
caused atmospheric pollution make 
the forecasts for both total and 
transport use appear questionable. 
The consumption of fuel per de¬ 
livered passenger or per delivered 
ton will assume increasing impor¬ 
tance, and here the high-yield sys¬ 
tems continue to be the waterways, 
the pipelines, the railroads, and pas¬ 
senger buses. All of these have pro¬ 
pulsion efficiencies in the 100 to 300 
range. 

Heavy reliance on highly innova¬ 
tive systems in the near future seems 
doubtful because of the low yields 
proposed for most of them—hover¬ 
craft and helicopters, for example. 
Even the automobile (30 to 40 pas¬ 
senger-miles/gal.) and the intercity 
truck (50 to 60 ton-miles/gal.) may 
have to be curtailed or drastically 
changed to improve the overall na¬ 
tional propulsion efficiency. Con¬ 
tinued quantum enlargement of air 
travel systems yielding only 20 to 30 
passenger-miles/gal. (let alone the 
S.S.T. at 10 to 15) will so increase 
total petroleum use and so reduce 
the N.P.E. as to certainly cause early 
review. The very optimistic jet, 
jumbo-jet, and S.S.T. fleet projec¬ 
tions of just a few years ago carry 
with them implications for total fuel 
consumption which begin to appear 
unrealistic. 

These calculations of energy-effi¬ 
ciency suggest modest redirections 
for intercity transport development, 
but urban transportation methods 
appear to be candidates for more 
drastic changes. Perhaps as much as 
a 50 to 70 per cent reduction in 
urban motoring—and a substitution 
in even amounts of walking, cycling, 
and mass transit—will be needed to 
produce a noticeable effect on urban 
transport energy consumption. 
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An Agenda for 



Although the magnitude of today’s 
energy problems has frequently 
been stressed, the term “energy 
problems” has different connotations 
to different people. Some think pri¬ 
marily of blackouts and the need for 
guaranteed continuity of electric 
power, without visualizing how diffi¬ 
cult and, increasingly, how unaccep¬ 
table is a continued growth that 
follows the patterns of the past in 
meeting growing demands. Others 
think primarily of environmental 
problems and are impatient with the 
slow change in the growth patterns. 
In this article the term “energy prob¬ 
lems” relates to the technological 
status of our energy and fuel con¬ 
version processes, present and pro¬ 
jected. Our objective is to assess the 
technical and economic adequacy of 
existing or proposed processes and 
their consistency with developing 
standards of environmental quality, 
and to suggest where additional ef¬ 
fort—research, development, dem¬ 
onstration plants—is most needed to 
accelerate change. 

There are problems in reporting 
any technological assessment to an 
audience whose interests are varied 
and to a considerable extent un¬ 
known. To a planner—say, a states¬ 
man or an economist—the conclu¬ 
sions from a technological assess¬ 
ment suffice as inputs to his think- 
ing; given the statement that a cer¬ 
tain process works, should cost 
about so much to develop and so 
much to operate, and does not vio¬ 
late environmental constraints, 
proper action can be taken. To an 
engineer or scientist, on the other 
hand, any process that is not in in¬ 
dustrial use is almost by definition 
replete with unsolved problems, and 
any stated conclusion as to how 
much research or development is 
necessary to make the process viable 


Energy 


is subject to reevaluation; an ex¬ 
position of process details is an es¬ 
sential background for acceptance of 
any stated conclusions. This report 
is written for a general audience 
presumed to include both, and read¬ 
ers should be aware of the biases 
with which they approach what fol¬ 
lows. 

Energy Supply and Demand, 

Past and Present 

The pattern of United States con¬ 
sumption of energy—wood, coal, 
crude oil, natural gas, hydroenergy, 
and nuclear—shown on the accom¬ 
panying chart, will be familiar to 
most readers. The history of our 
energy supply and demand is not 
without drama, and readers with 
long memories will identify some of 
its irregularities with vivia personal 
experience. Among the many points 
meriting discussion are these: 

□ We enjoy, individually, such a 
short span of responsible involve¬ 
ment in energy problems that we 
tend to lose track of how similar, in 
some respects, the past patterns of 
energy growth or replacement have 
been to those of our day. We tend to 
think, because today’s numbers are 
large, that all changes of real signifi¬ 
cance have happened recently; and 
“recently” means “since I was about 
25.” The logarithmic scale of the 
chart (p. 39) tends to cure this de¬ 
fect. The most striking feature of the 
plot is the relentless and almost con¬ 
stant upward march of energy con¬ 
sumption, which causes the indus¬ 
trialist or engineer of 1971 to echo 
the words of his great grandfather, 
“Never in history has energy con¬ 
sumption matched ours.” 

□ The past pattern of growth 
would not look so much like' the 
present one as it really does if wood, 
left out of most modem compilations 
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Improved energy conversion and utilization need not await 
such exotic technology as breeder reactors, magnetohydrodynamics, 
and nuclear fusion. More conventional engineering development 
holds significant promise for the near term. 
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The history of U.S. energy sources and 
consumption since 1850 is replete with 
drama—which is often concealed by 
rounding curves to concentrate on the 
familiar, inexorable rise in energy 
demand. Look, for example, for the drop 
in energy consumption corresponding to 


economic depressions in the early 1920's 
and most noticeably in the early 1930's; 
the increasing consumption of coal In 
war-time, both in 1918 and 1941-46; and 
the gradual advance, since late in the 
19th century, of energy consumption 
in relation to population. The logarithmic 


vertical scale helps to suggest how 
similar to those of recent decades have 
been past patterns of energy growth and 
replacement. The dotted line shows 
population growth, plotted on a scale 
of the ordinate numbers times 10*. 
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Thousands of 
trillions (10 15 ) B.t.u. 

70 

60-10 10 bbl. crude oil 


50-10 10 bbl. gasoline 

40-10 10 bbl. I.p. gas 

-10 13 kw. h. (thermal) 

30-10 9 tons coal 

20-10 9 cords wood 

10 12 kw. h. electricity 
(24.7 per cent efficiency 

10-10 13 cu. ft. natural gas - 1955) 

tlO 12 kw. h. electricity 

(32 per cent efficiency - 1968) 


This conversion chart compares, on a 
scale readily comparable with the pre¬ 
vious figure, the energy represented in 
various resources commonly used in the 
U.S. 


of energy, had been left out here. 
Only when it is included is the line 
of growth nearly straight back to 
1850. Its inclusion in the present-day 
summation, however, adds only 1 
per cent. 

□ New fuels have always come in 
with a steep slope, not generally dis¬ 
placing but adding to the contribu¬ 
tion of established fuels. Integration 
of a new fuel into the economy has 
occurred in reasonably similar pat¬ 
terns three times. This can be dem¬ 
onstrated on the chart on page 39: 
by laying off distances along the 
edge of a piece of paper correspond¬ 
ing to factors of 10 and 5 on the 
chart and sliding the paper along 


under the top line to establish inter¬ 
sections with the various fuels, one 
finds the years at which a fuel con¬ 
tributed first 10 per cent and then 20 
per cent of the total. This happened 
for coal in 1851 and 16 years later, 
and for oil in 1918 and nine years 
later, for gas in 1935 and 17 years 
later. The average annual growth 
rate of gas of 6 per cent per year for 
15 years from 1955 to 1970 is con¬ 
sidered phenomenal; but it was 
more than matched by petroleum 
during the 22-year period from 1934 
to 1956. 

□ Coal has had a curious growth 
pattern. Consumption was 13.6 x 10 15 
B.t.u. both in 1912 and in 1970; it 
has oscillated around that number, 
hitting highs of 17 x 10 15 B.t.u. in the 
war years 1918 and 1943 and lows of 
9 to 10 x 10 15 B.t.u. in 1932 and 1958. 
The trend has been upward for the 
last nine years. 

□ Nuclear power is just coming 
into the picture; energy from wood 
is estimated to be today four times 
that from nuclear sources. The latter 
is, of course, growing fast, and its 
position is somewhat comparable to 
that of petroleum in 1900. 

The total U.S. energy consumption 
has been growing somewhat faster 
than the population, at least since 
1885. U.S. consumption per capita 
in 1970 was 338 x 10 s B.t.u./yr., 
equivalent to about 6.7 gallons of 
petroleum per day or 80 times the 
human caloric intake. This can be 
visualized as the equivalent of 80 
slaves working for each one of us to 
maintain our modem, affluent way 
of life. It is perhaps surprising to 
realize that the last 50 years have 
seen less than a 70 per cent increase 
in per capita energy consumption. 

Increasing energy consumption 
should produce an increase in goods, 
measured by per capita gross na¬ 


tional product (G.N.P.), and ser¬ 
vices. It goods and services are pro¬ 
duced in constant ratio, the G.N.P. 
per unit of energy consumed should 
measure efficiency of energy use. 
With some faltering, this ratio of 
G.N.P. to energy consumption has 
marched upward from 1920 to 1955, 
indicating a continuing increase in 
the effectiveness of using energy. 
From 1955 the growth was slow, and 
since 1967 it has turned down. This 
could mean that there has been a 
loss in efficiency of energy use; more 
probably it means that the ratio of 
services to goods is increasing. Com¬ 
bined with the continuing increase 
in per capita energy consumption, 
it is a possible warning sign. 

The first chart showed where our 
energy has been coming from; the 
one on p. 42—a double bar graph, di¬ 
vided vertically according to cate¬ 
gory of use and horizontally accord¬ 
ing to fuel type, shows how it is 
being used. As a general guide to 
placing problems in perspective, a 
handy approximation of its data is 
as follows: about one-third of our 
energy is consumed in the industrial 
category, one-fourth each in trans¬ 
portation and utilities, including 
electricity, and one-fifth in house¬ 
hold and commercial use. The pic¬ 
ture will of course change, particu¬ 
larly the fractional consumption in 
producing electric power; electrical 
energy production is expected to 
double in 10 years. 

The picture of United States en¬ 
ergy consumption is not complete 
without identifying its relation to the 
world total, and the striking feature 
of any such analysis is how much 
additional energy—a six-fold in¬ 
crease—would be involved if the 
rest of the world’s appetite and ca¬ 
pacity to produce approached ours. 
World consumption is in fact grow- 
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Regardless of which projection is accepted, and accepting the fact 
that curves that maintain a constant percentage growth per year 
cannot continue forever in a finite world, the inescapable conclusion 
is that energy demands by the end of this century will be enormous... 
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ing faster than that of the United 
States, with West Germany, Japan, 
and France leading the increase. 
The fraction of the world’s energy 
consumed by the United States is 
expected to drop from 34.8 per cent 
in 1967 to 26.8 per cent in 1980. 

Projection of Energy 
Demand and Sources 

If the previous discussion suggested 
that growth patterns of the future 
can be expected to follow those of 
the past, that was not the intention. 
Curves that maintain a constant per¬ 
centage growth per year cannot con¬ 
tinue forever in a finite world. This 
limitation has been clearly under¬ 
stood by projectors of the past 40 
years; in consequence, however, 
they have generally underpredicted 
future energy requirements. There is 
increasing belief that the growth 
rate of total energy consumption 
must in fact change “soon” because 
of material and thermal pollution, 
but “soon” means 1985 to some, 2000 
to others, still later to others. , 
Summarizing some of the many re¬ 
cent studies of how to project the 
energy-demand curve, Battelle 
Memorial Institute in 1969 con¬ 
cluded that the most probable 
growth rate from 1970 to 2000 is 3.2 
per cent per year (doubling every 
22 years). This is the exact average 
that prevailed from 1931 or 1937 to 
1970, if the last nine years 1961 to 
1970—when the average annual 
growth rate has been 4.5 per cent 
(15.5-year doubling)—is taken to 
represent only part of the curve. 
Speaking at an M.I.T. Alumni Semi¬ 
nar in April, 1971, Frank A. Ritch- 
ings, Vice President of Ebasco Ser¬ 
vices, Inc., anticipated a growth rate 
of 4.35 per cent from 1970 to 1980 
and 3.5 per cent from 1980 to 1990. 
These two projections probably rep- 


Per capita energy consumption in the 
U.S. stayed constant for the first 35 years 
of the record beginning in 1850, then 
began the relatively steady rise which led 
to doubling between 1885 and 1920, fell 
precipitously during the great depression, 
and has had a generally upward trend 


resent the limits of present predic¬ 
tive judgment. 

Regardless of which of these pro¬ 
jections is accepted, the conclusion 
is the now-generally-accepted one— 
that energy demands by the end of 
this century will be enormous by 
present standards. If to this U.S. 
growth is added the expected more 
rapid growth in the rest of the 
world, it is clear that our capacity to 
handle the situation will require the 


since 1932. The ratio of G.N.P. to energy 
consumption is shown by the single 
lower curve, which is in fact a measure 
of our generally increasing efficiency of 
energy use in terms of G.N.P. achieved 
tor a given expenditure of energy. 


effective contribution of the scien¬ 
tist, the engineer, the economist, the 
industrialist, and the statesman. 

Space and time prevent an ade¬ 
quate consideration of resources 
available to meet these energy 
needs. Suffice it to say here that coal, 
shale oil, and tar sands are available 
to supply our needs for centuries if 
natural gas and oil run out; enough 
uranium is available to satisfy our 
electrical needs for far longer when 
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This double bar graph, divided vertically (bottom ot left column), and coal use by 
according to category of energy use and public utilities to generate electricity 
horizontally according to fuel source, is 53.5 per cent ot 0.214, or 11.4 per cent 

shows quantitatively the relative contri- of total U.S. energy use. The sum ot the 

bution ot a particular fuel to a particular separate fuel contributions to each of 
end use, by the area of the labeled four categories of use appears in the 

item. For example, coal contributes small bar graph at the right. 

21.4 per cent to the total energy input 


breeder technology is developed; 
and, if our conscience should bother 
us concerning our descendants in 
the year 3000, enough solar energy 
reaches the earth to supply our 
needs if we do not overpopulate the 
planet. But prodigal use of any of 
our resources will be accompanied 
by an increasing fractional expendi¬ 
ture of our total productive effort 
on winning the energy needed for 
complementing that 1/25 horsepower 
device, the human body. The bal¬ 
ance of this article is devoted to a 
discussion of our present efficiency 
of energy conversion and utilization 
and of some technological issues 
which must be resolved to maintain 
or increase that efficiency. 

Assessing New Energy Technology 
Common to the assessment of vari¬ 
ous fuel conversion processes is a 
body of technical information on 
energy transportation, energy stor¬ 
age, and pollution. This material, 
summarized in the following para¬ 
graphs, is largely factual; few com¬ 
ments on needs or implications of 
research or development are per¬ 
tinent. 

Only a few examples need be cited 
to suggest the relevance of compara¬ 
tive cost figures on energy trans¬ 
portation. Shall we move fossil fuel 
to power-demand centers or trans¬ 
mit electric power from a generating 
plant at the fuel source? Shall we 
avoid the high cost of solving the 
thermal pollution problems of a par¬ 
ticular nuclear plant location by 
transmitting power from a thermally 
more favorable locale? Shall we 
move coal to a gas plant near a cen¬ 
ter of gas demand or pipe the gas 
over long distances from a cheap- 
coal area? Shall we bum liquefied 
natural gas from Libya or locally- 
made synthetic gas? 
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The cost of transporting energy is an essential element of the 
formula by which we may determine present and future strategy. 
But it is surprisingly difficult to discover truly comparable figures. 


Briefly summarized on a common 
basis of cents per million B.t.u. per 
hundred miles, transportation figures 
suggest the following: 

□ Electric power transmission in 
500- to 700-kw. lines is almost com¬ 
petitive with coal transport by unit 
train after allowance for conversion 
efficiency. 

□Coal pipelines or integral trains 
could cut the costs of coal mpvement 
about 40 per cent. It has to be re¬ 
membered, however, that railroads’ 
flexibility and hence ability to insti¬ 
tute new procedures are hindered by 
tradition, rate regulation, labor 
problems, and other management 
uncertainties. 

□ Coal pipelines or integral trains 
are almost competitive with gas in 
moving energy if allowance is not 
made for differences in efficiency of 
end use. 

□ The chief prospect for reducing 
the transmission cost of gas lies in 
the development of lighter and 

and improved pipe- 


Transportation costs, 
cents/million B.t.u. 
per 100 miles 


Electricity, 700 Kv. a.c, 
Electricity, 50 Kv. d.c. 


Factor of three by which to 
lower electric transmission 
cost for comparison with 
fossil fuels at 33 per cent 
efficiency. 


Coal, conventional rail 
Liquified natural gas, rail 


Coal, unit train 
Gas, pipeline 
Coal, pipeline (Pr) 
Coal, integral train (Pr) 


stronger 
laying techniques. 

□ Oil pipelines can transport en¬ 
ergy at one-third the cost of coal 
pipelines, integral trains, or gas 
pipelines. 

□ Pipelines have increased in size, 
but the associated scale economies 
in gas and oil transportation are so 
great that the nation’s projected 
rapid growth in energy consumption 
will make still larger pipelines eco¬ 
nomically sound. 

Sulfur Pollution 

It is clear that combustion-generated 
sulfur dioxide (S0 2 ) may present a 
dispersion problem or a local pollu¬ 
tion problem, but it is not a global 
pollution problem; the life of S0 2 is 
too short. It is estimated that by 
1980 two-thirds of the total S0 2 emis¬ 
sions will originate from fossil-fuel 


Oil, pipeline 

Liquified natural gas, ship 
Liquified natural gas, barge 


Oil, tanker, 25,000 tons dw. 


well as on the particular place and time 
when it is being used; for these reasons 
—and because parallel data are difficult 
or impossible to acquire —a critical 
issue in developing our energy strategies 
is only vaguely suggested by this 
presentation. 


Though the chart above proposes to 
show comparative costs of transporting 
fuel and energy in different forms and 
by different means, it is in fact so sim¬ 
plified as to be only vaguely correct. 

For the actual transportation cost de¬ 
pends critically on the efficiency Of the 
particular facility being considered as 
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power plants. The sulfur-from- 
power-plants problem cannot be 
solved by use of naturally low-sulfur 
fuels; there aren’t enough at eco¬ 
nomic shipping distance from point 
of use. Contrary to widely held pub¬ 
lic opinion, the pessimistic conclu¬ 
sions of a year ago of a National 
Academy of Engineering Panel con¬ 
cerning S0 2 removal from stack-gas 
still stand. This fact is documented 
and the various processes for sulfur 
removal through pre-combustion 
treatment of fuels and fuel-to-fuel 
conversion have been recorded by 
Arthur M. Squires elsewhere in this 
journal (see “Capturing Sulfur Dur¬ 
ing Combustion” in Technology Re¬ 
view for December, pp. 52-59). 

Thermal Pollution 

The 1970 world rate of energy con¬ 
sumption corresponds to an energy 
release rate 1/6000 that of solar ab¬ 
sorption by the earth. Thermal pol¬ 
lution is therefore not a global prob¬ 
lem and cannot be for over a cen¬ 
tury. Local thermal water pollution, 
however, is a problem, chiefly asso¬ 
ciated with electric power genera¬ 
tion, and issues in controlling emis¬ 
sion of waste heat are discussed by 
Donald R. F. Harleman in his article 
in Technology Review (see “Heat — 
the Ultimate Waste,” in December, 
1971, pp. 44-51). 

The Federal Power Commission es¬ 
timates an increase in waste-heat 
dissipation from power plants from 
5.3 x 10 15 B.t.u. in 1970 to 28.4 x 10 15 
B.t.u. in 1990 (total energy con¬ 
sumption in 1970 was 69 x 10 IS 
B.t.u.). Since the projected evapora¬ 
tion rate for wet-tower and cooling- 
pond operation will then be 0.8 per 
cent of the nation’s run-off, extensive 
mierometeorological studies are war¬ 
ranted. Thermal water pollution at 
power plants can be eliminated by 
use of gas turbines or reduced by 
use of the gas-steam cycle ( see be¬ 
low). 

Energy Storage 

Energy storage capability is not a 
major factor in present or future en¬ 
ergy supply. In the field of storage 
batterv development, marked super¬ 
iority over lead-acid • batteries has 
been achieved—in nickel-cadmium 
batteries, for example; but lead-acid 
continues to be better economically. 
High-temperature systems being de¬ 
veloped—sodium-sulfur and lithium- 
chlorine, for example—are superior 
to lead-acid and claimed to be eco¬ 


nomically competitive; opinion is di¬ 
vided on whether the obvious con¬ 
tainment problems associated with 
safety will be solved to the satisfac¬ 
tion of the public. 

Pumped-water storage is beginning 
to be used for power-plant opera¬ 
tion, with 10,600 Mw. planned as of 
December, 1969. 

Thermal storage for flattening the 
load curve of electric space heating 
or for solar house design is best 
achieved with water tanks, crushed 
gravel bins, or concrete blocks (used 
in England); no good heat-of-fusion 
material that operates near room 
temperature has been found. Mag¬ 
netite (magnetic iron ore) has an 
extraordinarily high volume heat ca¬ 
pacity; a cylinder two feet in diam¬ 
eter and 12 ft. long raised 600° F. 
would store one day’s space-heating 
requirements of a small house whose 
normal space heating requirement is 
1,200 gal. of fuel oil per season. 

Fossil Fuel-to-Fuel 
Conversion: Gas from Coal 
There is strong evidence that the 
present 6 per cent per year growth 
rate in natural gas use will combine 
with continuously decreasing discov¬ 
ery rates of new gas to produce a 
great shortage of natural gas if both 
trends persist. The United States 
will need gas from coal at a time not 
yet established, but very probably 
soon, on a scale that will dwarf all 
other industry of comparable chemi¬ 
cal content. 

In consequence, the Office of Coal 
Research, the Bureau of Mines, and 
the American Gas Association are 
vigorously pursuing research on syn¬ 
thetic gas from coal. Four processes 
—two in pilot stage—deserve strong 
support; they have demonstrated 
sufficient promising results, free¬ 
dom from serious faults, and dif¬ 
ferences in concept to warrant being 
kept in the running during the pe¬ 
riod of pilot-plant assessment of the 
processes. The four organizations in¬ 
volved are the Institute of Gas Tech¬ 
nolog)', Consolidation Coal Co., the 
U.S. Bureau of Mines, and Bitumin¬ 
ous Coal Research. The first two of 
these have pilot plants for the main 
gasification process near completion; 
the last two have plans for pilot 
plants and have done the necessary 
research. 

In view of the magnitude of the 
final commercial operation based on 
the research of these four teams to 
date, the nation cannot afford to 


overlook the possibility that any one 
of the four processes may have ad¬ 
vantages properly assessable only on 
a larger scale than that of the labora¬ 
tory research which has been com¬ 
pleted to date. 

The analogous case in nuclear power 
plant development has been the re¬ 
tention, at great cost during the de¬ 
velopment stages, of at least five 
varieties of slow reactors and four 
varieties of breeder reactors, simply 
because the time lost in going back 
to a complex process abandoned in 
an early stage is too great. Viewed 
another way, a retention of four 
processes through sufficiently ad¬ 
vanced stages to permit making a 
final choice of process that saves 10 
cents per 1,000 cu. ft. in manufac¬ 
turing costs will, in the days when 
our consumption of synthetic pipe¬ 
line gas is one-third today’s natural 
gas consumption, amount to a saving 
of $750 million a year. We cannot 
afford to decide prematurely on the 
wrong process. 

The strong recommendation of con¬ 
tinuation of four processes at least 
through the pilot-plant stage implies 
that much basic research has already 
been carried out on coal gasification, 
but it does not imply absence of the 
need for more. Any process that 
wins the race will be in need of con¬ 
tinuous modification and improve¬ 
ment; and a strong research pro¬ 
gram, both basic and applied, on 
the physics and chemistry of coal 
gasification is needed. 

The air-blown gas producer that 
left the American scene in the 1920’s 
is due for a comeback if it can be 
made larger, automatic, and capable 
of handling coking coals, and if it 
can be given a high capacity 
through operation under pressure. A 
major impetus for developing a 
process for making low-B.t.u. gas 
from coal comes from the electric 
power industry. Producer gas made 
under pressure and scrubbed to re¬ 
move sulfur is an ideal gas-turbine 
fuel; and, as Professor Squires 
pointed out in his earlier paper in 
this series, the combining of gas pro¬ 
ducers with gas-steam power cycles 
of high efficiency looks attractive as 
a solution to the sulfur problem in 
power production. The implications 
of low-B.t.u. gasification for power 
production are so striking as to war¬ 
rant a more vigorous support of re¬ 
search on air gasification of coal at 
moderate pressures than at present 
exists. 
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The development of any process for producing synthetic crude oil 
could in the end well turn out to be primarily an insurance policy 
against excessive increase in the price of imported oil. But on this 
ground alone strong federal support of fuel conversion research is 
eminently warranted. 


Conversion: Oil from Coal 
Failure to couple the expectation 
that nuclear fuel will in the long run 
supply our power with the recogni¬ 
tion that this cannot happen fast 
enough to eliminate the need for 
clean fossil fuels now is a real na¬ 
tional danger; inadequate emphasis 
on research to produce clean fossil 
fuels both for power and for process¬ 
ing operations could produce an im¬ 
passe between industrial energy 
needs and the need to protect the 
environment. 

The various processes for making 
liquid fuel from coal are in too early 
a stage of development to allow 
meaningful estimates to be made of 
comparative costs. Processes which 
appear to be in the running include 
the H-Coal process, which uses a co¬ 
balt molybdenum catalyst to hydro¬ 
genate fine coal at high pressure in an 
ebullating bed, the Consol process 
modified to make low-sulfur syn¬ 
thetic crude oil, the PAMCO proc¬ 
ess for light hydrogenation of coal 
to make an ash-free product which 
is pumpable only when hot, and the 
COED process of staged pyrolysis 
to make gas, oil, and char. Opinions 
differ on the relative merits of these 
processes. 

Research on H-Coal is being sup¬ 
ported by a consortium of oil com¬ 
panies, and a National Academy of 
Engineering panel has recom¬ 
mended continued support of the 
Consol process. Though published 
studies of the probable cost of oil 
from coal have indicated the possi¬ 
bility of production of synthetic 
crude at prices comparing favorably 
with quoted market prices of crude 
oil, the estimates may not be realistic 
in their allowance for contingencies 
associated with new processes and 
for escalation during completion of 
development and plant construction. 


Oil from Tar Sands and Oil Shale 

The need for technological sophis¬ 
tication in recovering oil from non¬ 
petroleum fossil deposits is much 
less when the raw material is tar 
sands or oil shale than when it is 
coal. This may cause earlier devel¬ 
opments of oil from shale than from 
coal, regardless of ultimate compara¬ 
tive economics. 

Tar sand treatment has become 
commercial in Alberta, on sands av¬ 
eraging 12.5 per cent bitumen. But 
oil shale is more attractive than tar 
sands to the U.S. oil industry largely 
because most of the good oil shale 
is in Colorado rather than in Al¬ 
berta, but partly because the hydro¬ 
gen-carbon ratio is higher. Three re¬ 
torting processes have operated on 
sufficient scale (260-1,000 tons/day) 
to evaluate the retorting operation, 
and cost estimates appear reason¬ 
able; but experience with mining 
and acceptably disposing of shale at 
a rate in excess of one ton per sec¬ 
ond—the rate required in a plant 
producing 50,000 barrels of oil daily 
—is missing. 

Comparison of Proposed 
Conversions 

An intercomparison of the conver¬ 
sion processes considered—pipeline- 
quality gas from coal, low-B.t.u. gas 
from coal, oil from coal, oil from tar 
sands, and oil from shale—is difficult 
because of different objectives of 
different customers, national energy 
policy, foreign energy policy and im¬ 
port-pricing, differences in status of 
development of the processes, limits 
on ability to predict resources, the 
differences in cost-estimating pro¬ 
cedures used in the economic stud¬ 
ies, and the degree of interchange- 
ability of the products. 

Within the limitations these uncer¬ 
tainties impose, certain conclusions 


are possible. The shortcomings of 
stack-gas sulfur-dioxide clean-up 
systems so far investigated make 
processes for the production of sul- 
tur-free fuels or for sulfur removal 
during combustion look especially 
attractive. Within this scope, two 
concepts—making clean low-B.t.u. 
gas from coal and making an ash¬ 
free, sulfur-free heavy hydrocarbon 
from either coal or oil—should be 
of great interest. If the cost estimates 
are realistic, completion of develop¬ 
ment along both fines is justified. 
Because of the capital-intensive 
character of fuel conversion proc¬ 
esses, federal support is warranted 
on research on coal hydrogenation 
and on coal gasification with air, and 
on development of larger advanced- 
cycle gas turbines. 

The resources of coal, tar sands, 
and oil shale are all so enormous as 
sources of oil that they must cer¬ 
tainly someday be tapped. The time¬ 
table for this, however, is very dif¬ 
ficult to establish, especially because 
of changes in import quotas and in 
prices established by foreign govern¬ 
ments. On a comparative basis tar 
sands appear not to have as good a 
chance of early development as oil 
shale. 

With respect to coal versus oil shale 
as sources of synthetic crude oil, 
the assessment is more difficult. 
Despite the considerable effort that 
has gone into oil-from-coal develop¬ 
ment, research processes for oil shale 
treatment are simpler and more 
nearly ready for use. But the yield 
from coal is so much greater (3 to 
3.5 barrels per ton versus 0.8 barrel 
for relatively rich oil shale) and the 
disposal problem so much simpler 
that vigorous pilot-plant develop¬ 
ment followed by demonstration- 
plant operation is in the best na¬ 
tional interest. The very fact that 
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the processing of coal to produce oil 
is considerably more complex than 
tire production of oil from shale is 
reason to expect a greater improve¬ 
ment, through research, in the effi¬ 
ciency and cost of the latter. 

The development of any of the pre¬ 
viously discussed oil recovery proc¬ 
esses to the point of producing syn¬ 
thetic crude N at prices reasonably 
near present crude prices could well 
turn out to be primarily an insur¬ 
ance policy—but a very valuable 
one—against excessive increase in 
the price of imported oil. On this 
ground alone strong federal support 
of fuel conversion research is emi¬ 
nently warranted. 

Priorities and Decision-Making 

When it comes to making synthetic 
fuel from coal, shall we concentrate 
on producing a gaseous or liquid 
product? A technical affirmation 
popular today among engineers is 
that we need to do both, but gas 
from coal comes first because we are 
running out of natural gas. But the 
technological as well as the institu¬ 
tional factors involved are so ex¬ 
ceedingly complex—depending not 
only on conversion technology and 
relative transportation costs but also 
on public utility price regulation, 
import quotas, and other artifacts of 
our political structure—that a well- 
grounded comparison will not be 
possible until pilot plants for gas and 
for oil have led to demonstration 
plants and the latter have been op¬ 
erated long enough to have reached 
near-optimization. 

If we consider the billions of dol¬ 
lars per year hinging on the outcome 
of such a comparison, the need for 
large federal expenditures to de¬ 
velop clean synthetic fuels seems ob¬ 
vious. It is also true that the cheaper 
fuel will not necessarily win the 
race. Gas has advantages over oil 
which will offset a price difference 
(opposite in sign to the one existing 
today). As an aid to making more 
quantitative any comparison of gas 
with oil there is need for a compre¬ 
hensive study of U.S. industry to 
determine the degree of inter¬ 
changeability of fuel feasible at vari¬ 
ous cost differentials. 

Related to the argument of the last 
several pages is the consideration of 
pipeline-quality high-B.t.u. gas ver¬ 
sus low-B.t.u. clean gas, the latter 
either made locally by the plant 
needing it or made centrally for dis¬ 
tribution to a group of local plants. 


Locally-made clean producer gas 
may in fact provide local industrial 
plants with gaseous fuel at a con¬ 
siderable saving over synthetic pipe- 
fine gas. This problem justifies a 
study similar to that on oil versus 
gas, to determine what markets 
would in the long run be better 
served by producer gas than by 
pipeline gas. 

Nuclear Power 

The technological and commercial 
success of nuclear reactors for power 
production is attested by the fact 
that at the end of 1970 a total of 20 
operable nuclear plants contributed 
2.2 per cent of the U.S. electric 
power generating capacity, and 89 
more were being built or planned. 

The projected growth in electrical 
energy consumption is so rapid that 
U.S. generating capacity, now 300,- 
000 Mw., is expected to reach 1,500,- 
000 Mw. by 2000; and nearly half 
that will be nuclear. The forms of 
these reactors and alternatives for 
their development have been de¬ 
scribed in this series by Manson 
Benedict ( see “Electric Power from 
Nuclear Fission” in Technology Re¬ 
view for October/November, 1970, 
pp. 32-41 ). The cumulative con¬ 
sumption of uranium ore concen¬ 
trates by the year 2000 (at the rate 
of 171 tons/1,000 Mw.-years) is es¬ 
timated at 1.6 million tons, if 
breeder reactors have made no sig¬ 
nificant contribution by then. As 
Professor Benedict points out, the 
reserves are there—at a price; and 
this is the argument for developing 
the breeder, for the price of uranium 
would then be almost immaterial. 

Thermal and radioactive pollution 
are of concern from fight-water- 
moderated reactors—the kind used 
predominantly in the United States 
and in most other countries today. 
Thermal pollution is about 60 per 
cent greater, per megawatt of 
power, than from fossil-fuel plants. 
This means that most nuclear plants 
of the future will be located on the 
ocean or will be provided with cool¬ 
ing ponds or with wet or dry cooling 
towers. Escape of radionuclides 
from power plants and fuel-reproc¬ 
essing plants is held to insignificant 
levels by multiple barriers. The ma¬ 
jor hazard of nuclear power-plant 
operation is associated with trans¬ 
portation of radioactive cargoes, par¬ 
ticularly wastes going to processing 
plants in sealed stainless steel casks. 
The number of casks of spent fuel is 


expected to rise from 30 per year in 
1970 to about 9,500 in the year 2000. 
By use of the Department of Trans¬ 
portation s overall rail accident rate 
of 0.3 serious accidents per million 
miles, an estimated 1.4 serious rail 
accidents per year involving radio¬ 
active shipments is projected for the 
year 2000 unless radioactive cargo 
shipments receive special rail handl¬ 
ing. Proposed procedures for dis¬ 
posal of wastes in a salt bed in 
Kansas have been at least temporar¬ 
ily set aside, but no better general 
alternative has been suggested. 

The ultimate need for breeders is 
unarguable. With respect to the ur¬ 
gency for their development, how¬ 
ever, there is room for much dis¬ 
agreement. Doubling the nuclear 
fuel cost in the prebreeder era 
would permit the price of uranium 
ore to go up more than four-fold, 
since the fuel cost at the power plant 
is presently due one-third to ore and 
two-thirds to concentrating and 
cladding. The history of fuel-reserve 
projections is rich with underestima¬ 
tions, and uranium projections may 
not be exceptional Uranium pros¬ 
pecting was vigorous a decade ago, 
but light-water reactors have not be¬ 
come available as fast as was an¬ 
ticipated and the pressure to find 
new ore is reduced. 

Prospecting for certain types 
of uranium deposits such as pitch¬ 
blende in igneous rock faults 
has not received the attention it de¬ 
serves. The mining industry would 
be enormously stimulated to search 
if the price of crude uranium diox¬ 
ide (U 3 0 8 ) were, for example, in¬ 
creased fourfold in association with 
extended use of light-water reactors. 
Until there is a clear cost advantage 
of breeders over light-water re¬ 
actors, independent of projected in¬ 
creases in uranium cost, the extent 
of the need for hurried development 
is no better established than is the 
knowledge of uranium reserves. 

Three breeder concepts are being 
pursued, and if there is a question 
about the urgency of breeder devel¬ 
opment to commercial scale, there 
can also be a question about the 
timing of a choice among breeder 
types. Either a premature or a 
belated decision can be costly. 
Full-scale development involves a 
very large annual expenditure. After 
a decision has been made on which 
breeder to develop, a few years of 
costly developmental effort makes a 
change in path traveled nearly im- 
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How to reconcile the clear gain in living standards that would be 
associated with more energy use by the have-nots with the frighten¬ 
ing consequences of untrammeled growth of energy consumption at 
the present annual rate for another half-century is, second to the 
world population problem, the biggest challenge of the 20th century... 


possible. Hurdles that have proved Central Power from Fossil Fuel an overall thermodynamic efficiency 

to be nearly insurmountable will The generation of power from steam of power production from coal of 
produce an increase in expenditure has had centuries of development 0.58 x 0.87, or 50.4 per cent before a 
rather than a switch to another and has reached what appears to be small subtraction for auxiliaries, 
breeder concept. To wait, however, a plateau at a thermodynamic effi- Magnetohydrodynamic (MHD) 
until all good nuclear physicists ciency of about 40 per cent. Higher techniques are also seen as possible 
agree on which breeder to back efficiency has been achieved, but for central-station power generation 
would be absurd. there appears to be general agree- at thermal efficiencies of 50 per cent 

Based on its evaluations conducted ment that steam temperatures much or higher. But MHD requires high 
up to 1969, the Atomic Energy Com- above 1000° F. are not economi- temperatures (4000° to 5000°F.), 
mission directs most of the available cally justifiable. the use of seed materials to promote 

reactor development budget toward However, the gas turbine-com- ionization, and other troublesome 
the liquid metal fast breeder reactor pressor combination is now being conditions. The fundamental prob- 
(LMFBR) program (over $100 mil- applied to various industrial uses, lems in MHD development—gas 
lion/yr.). The A.E.C. viewpoint is including peak-shaving in power conductivity, seed recover)', and 
that resource requirements are such plants. Stimulated by the ever-in- materials—remain unsolved despite 
that the United States can afford to creasing demands for aviation pro- more than a decade of effort by nu- 
fund effectively only one concept, pulsion power, the aviation industry merous competent research teams in 
the LMFBR, by initial construction is continuously raising the inlet tern- several countries. Now added to 
of two demonstration plants (with perature to the gas turbine and the these hurdles are problems intro- 
starts spaced about two years apart) compression ratio of the air com- duced by environmental and fuel 
to ensure that there will be more pressor; and these improvements be- constraints, including nitric oxide 
than one commercial manufacturer come available for use in stationary formation in high concentrations 
of LMFBR plants. However, funds power plants. A recent study sum- and various effects of coal slag, 
are being made available to the marizea briefly in this series (see These obstacles leave little room 
A.E.C. for only one plant—a fact “Increasing Gas Turbine Outputs for for enthusiasm about the prospects 
which supports the A.E.C. conten- Combined Gas/Steam Systems” in for MHD development, especially 
tion that resources are not sufficient Technology Review for December, since the contribution that it might 
to permit emphasis on more than 1970, p. 60) indicated that a gas- eventually make—electricity from 
one concept at this time. Supporting steam combination power cycle fossil fuel at a thermal efficiency ex- 
the other side of the argument—U.S. holds great promise for efficient gen- ceeding 50 per cent—can be 
vulnerability in. the event of teehni- eration of power from coal while si- matched by gas turbine develop- 
cal-design and safety difficulties multaneously solving the sulfur pol- ments. The appropriate path to im- 
with the LMFBR concept—is the lution problem. The most impressive proving the prospects for MHD 
U.S. record in the reactor develop- aspect of this work is that careful es- power generation is investment in 
ment area, which is replete with ex- timates, including allowance for fundamental, small-scale research in 
amples of failures to succeed in the thermodynamic losses, indicate that the problem areas mentioned, 
development of promising reactor third-generation gas-steam plants of The merits of superconducting 
concepts. this type may achieve an efficiency electric generators for power-station 

The ultimate question is how the from "gas to power of 58 percent with use appear to be outstanding. Re¬ 
prospects for success of the LMFBR a compressor-compression ratio of search of Professors Woodson, Thul- 
—including the short-term freedom 36, a turbine inlet gas temperature of len and Joseph L. Smith of the Elec- 
from detrimental technical problems 3100° F., and transpiration cooling trical Engineering and Mechanical 
and the ultimate potential offered of the large blades that would be Engineering Departments at M.I.T., 
by its construction—compare with used in a 350-Mw. gas turbine. This indicates that low-temperature oper- 
the projected ultimate potential of result, combined with the efficiency ation of a power-plant alternator 
the alternatives—the gas-cooled fast of 87 per cent which has been sug- permits marked decrease in size, in¬ 
reactor and the molten salt breeder gested for a third-generation coal crease in power output, and de¬ 
reactor. gasifier, suggests the possibility of crease in unit cost. 
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Fuel cells convert the chemical en¬ 
ergy of union of fuel and oxidizing 
agent, supplied at the electrodes, di¬ 
rectly to electrical energy without 
fundamental limitations on efficiency 
such as those imposed on heat en¬ 
gines. The concept of supplying 
large-scale power by fuel cells has 
received attention because, in theory, 
fuel cells have potential for highly 
efficient fossil-fuel utilization with 
minimal effects adverse to the en¬ 
vironment. In practice, however, 
they do not give the cost and 
performance characteristics de¬ 
manded in commercial application. 
There is no indication that the out¬ 
standing problems involved in using 
fuel cells for central-station power 
production are close to solution or 
that significant advancement would 
result from large spending on re¬ 
search and development now. That 
should await more progress through 
small-scale, fundamental research. 

Solar Energy Utilization 

The emphasis on clean energy in 
recent years has caused much com¬ 
ment on the attractiveness of rely¬ 
ing on the sun for power and heat. 

Solar energy can be described al¬ 
most completely by two numbers 
measuring quality and quantity. The 
quality of sunlight is such that its 
thermodynamic potential or theo¬ 
retical maximum convertibility into 
work is extremely high. Said in still 
another way, a high fraction of the 
energy from the sun is in the form 
of shortwave radiation, capable of 
photosynthesis, of interaction with 
atoms and electrons in photovoltaic 
cells, or of coming to equilibrium 
with high-temperature receivers 
through suitable wavelength-selecv 
tive filters. The other number of the 
pair that characterizes sunlight is 
the “solar constant” of 430 B.t.u./sq. 


ft./hr.—the energy rate on to a unit 
surface perpendicular to the sun’s 
rays external to the earth’s atmo¬ 
sphere. This implies that solar en¬ 
ergy is extremely dilute; its flux den¬ 
sity on to the earth is only l/500th of 
that on to the surfaces of a modem 
steam boiler. Therefore, unlike most 
industrial process equipment, de¬ 
vices to intercept or collect solar en¬ 
ergy benefit little by scale increase; 
solar energy is likely to find exten¬ 
sive use, if at all, in small units to 
accomplish individually small tasks. 

Domestic hot water from the sun 
is economically significant in many 
areas today; solar house heating is 
significant in some, and its prospects 
are improving; solar distillation to 
produce fresh water from saline 
water is economic in areas of ex¬ 
tremely high fossil fuel cost; solar 
electric power from photovoltaic 
cells is significant in space research, 
where the laws of terrestrial eco¬ 
nomics are inapplicable, and it has 
some chance of becoming much 
cheaper. But in general one is forced 
to conclude that physical as well as 
photochemical use of solar energy 
on any moderately large scale is 
nature’s way—not man’s. 

Optimized designs of solar house¬ 
heating systems for eight climatic¬ 
ally different locations in the United 
States lead to the conclusion that, 
except for one location (Santa 
Maria, California), house heating 
with gas or oil is much cheaper than 
with solar energy. However, the 
growing use of electric space heat¬ 
ing indicates that comfort is often 
not bought on a cost basis; and solar 
heating is cheaper than electricity 
in seven of the eight locations (Se- 
attle-Tacoma being the exception). 


Postscript 

The fact that no comments have 


been made in this survey on whether 
man’s appetite for energy should be 
whetted or curbed does not mean 
that no views are held on the sub¬ 
ject. Learning how to use energy 
more effectively is unequivocably a 
good thing, and research directed 
toward improvements in efficiency 
of use is to be encouraged. Learn¬ 
ing how to supply an ever-increas¬ 
ing per capita demand is a good 
thing within limits; we need to 
watch it. How to reconcile the clear 
gain in living standards that w’ould 
be associated with more energy use 
by the have-nots—in the United 
States as well as in the rest of the 
world—with the frightening conse¬ 
quences of untrammeled growth of 
energy consumption at the present 
annual rate for another half-century 
is, second to the world population 
problem, the biggest challenge of 
the 20th century to our statesmen, 
economists, industrialists, scientists, 
and engineers. 
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“Energy 
Technology 
to the 

Year 2000” 


Energy 
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Contents of “Energy Tech¬ 
nology to the Year 2000”: 

"Energy, the Economy, and the Envi¬ 
ronment,” David C. White, Ford 
Professor of Engineering, M.l.T. 

“Electric Power from Nuclear Fission,” 
Manson Benedict, Institute Professor 
(Nuclear Engineering), M.l.T. 

"Geothermal - Earth’s Primordial 
Energy,” Richard G. Bowen and 
Edward A. Groh, Oregon Depart¬ 
ment of Geology & Mineral 
Industries 

"Must Fossil Fuels Pollute?” Harry 
Perry and Harold Berkson, Congres¬ 
sional Reference Service, Library of 
Congress 

"Heat - the Ultimate Waste,” Donald 
R.F. Harleman, Professor of Civil 
Engineering, M.l.T. 

“Capturing Sulfur During Combus¬ 
tion," Arthur M. Squires, Professor 
of Chemical Engineering, C.U.N.Y. 

“The Quest for Fusion Power,” 
Lawrence M. Lidsky, Professor of 
Nuclear Engineering, M.l.T. 

"Creating Power Plants,” William W. 
Lowe, Pickard, Lowe and Associates 

"System Energy and Future Trans¬ 
portation," Richard A. Rice, Carnegie- 
Mellon University 

"An Agenda for Energy," Hoyt C. 

Hottel and Jack B. Howard, Depart¬ 
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Now you may have in a single reference 
volume the 10 articles in Technology 
Review’s “energy symposium’’ which con¬ 
cludes on the opposite page. An important 
addition to every reader’s collection, this 
book is also an ideal gift for library or 
laboratory, an invaluable resource on the 
ultimate technological issues: How can our 
generators be powered? How can we use 
fuels and energy more efficiently? What 
shall we do with their wastes? Indeed, 
can world energy consumption continue its 
implacable increase? 
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Send me___copies of “Energy Technology to the Year 2000" @ $1.95. 

□ Payment enclosed (books sent postfree) 
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Write for discounts on quantities of 
10 or more. 
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by Stewart W. Wilson 
Senior Scientist, 
Polaroid Corp. 


Interactive Lectures 


A new and remarkably simple communication structure is 
proposed to broaden interaction between teacher and student 


One of the most natural ways for a mind’s requirements; and we wanted out not to be practical. But I came 
human being to learn is to talk with further to see if a person would eventually to a rather simple record- 
a knowledgeable person—ask him engage in such an interaction, not ing structure which—as a conse- 
questions, listen closely to the an- with another person who was phys- quence of the way the recordings 
swers, and carry the conversation cally present, but instead with a set are generated—is exceedingly prac- 
into directions which are personally of responsive tape recordings. To in- tical and retains much of the 
relevant and important. Today, how- vestigate the latter point, we in- variety and responsiveness of 
ever, most people have few oppor- formed the students that the source the interaction of our early experi- 
tunities of this kind, since as knowl- of answers was a computer which ment. In this article I describe the 
edge and society have become more could select from a large bank of new structure, which 1 call an in¬ 
complex there are fewer people, pro- tape. Actually, the answers each stu- teractive lecture,” and present the 
portionately, who can give good an- dent received were given “live” by a results of experiments in which stu- 
swers, and their time is in great de- person at the other end of the line. dents tried it out. 
mand. The results of the experiment were 

Can we find some new way to ex- exciting and encouraging. The ses- Voice and Hand on Tape 
tend this interactive experience to a sions turned out to be surprisingly To explain what an interactive lec- 
great many more people than at long—over one and a half hours on ture is, it is helpful to relate the 

present have access to it? the average—and the questions process by which the five interactive 

It would appear that, at least in were fascinating and often very lectures which presently exist were 
principle, an interaction with an ex- challenging to answer. In fact, each created. First, a professor was 
pert and responsive person might be some sessions which ran to three asked to record a talk on a scientific 

approximated and made widely hours or more had to be ended ow- topic of general interest and also 

available through recording tech- ing simply to the plain fatigue of the personal interest to him. The record- 

niques. Yet the trend of technology’s person at the other end. It was clear ing was a high-fidelity audio record- 
contribution to education has been to us that each student valued and ing with Electrowriter sketches, 
in other areas: development of enjoyed an interaction of this type, made by the professor as he went 
media and of more directive kinds of But it was also apparent that the along, recorded on the second track 
structures such as programmed in- students had no difficulty in working of the tape. In addition, the profes- 
struction. In part, at least, this has with a system which to them was sor occasionally referred to photo- 

occurred because it has seemed based on recordings. In fact, the graphs. I asked him to think of his 

technically very difficult to create a boys’ comments suggested that the talk as directed to an interested in- 
system which would respond to decoupling between student and dividual listener of college age. 
questions and personal inquiry in a teacher which recordings allow had The Electrowriter made it possible 
satisfyingly rich way. the effect of increasing their free- for the professor to illustrate what 

Five years ago in this journal, Ed- dom to follow their own curiosity he was saying in much the way he 

win H' Land and I reported an ex- and interest. would use a blackboard. The system 

periment in which a boy—typically The challenge to me at that point has two units: a transmitter, on 
about 13 years old—asked questions was to find ways of making an inter- which the speaker writes with a pen 
about atoms into a microphone and action with responsive recordings— on a roll of paper; and a receiver, 
received answers which then served which of course we had only simu- in which a slender arm having a 
as take-off points for the next ques- lated—work. The problem was to stylus reproduces the writing in ink 
tions (see “Education and the Need answer a person’s questions directly on a similar roll of paper. The sys- 
to Know” in Technology Review for and well but to avoid a system tern is capable of a high degree of 
January 1967, pp. 29-36). We whose stock of tapes tends toward detail, and the receiver pen follows 
wanted to observe and understand infinity and whose access mechanism in exact synchronism the writing 
the nature of a free-wheeling inter- gets hopelessly complex. The many done on the transmitter, including 
action which are person controlled, experiments since that time would hand gestures and pointing. In mak- 
guided,—and could terminate—en- make a long and possibly enlighten- ing the recordings the professor 
tirely in accordance with his own ing article on schemes which turned wrote or drew on the transmitter 
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Part of an answer to a question on how 
laser light can be modulated for com¬ 
munication purposes. From a new inter¬ 
active lecture on lasers by Stephen A. 
Benton, Assistant Professor of Applied 
Optics, Harvard University. (Photos: 
Sheldon Lowenthal) 



. . and then put a second polarizer 
so that the amount of output energy 
would depend on the amount of voltage 
on the crystal. This would be a transverse 
electro-optical effect." 



"There’s also a longitudinal electro- 
optical effect—the Pockels Effect— 





“which uses transparent electrodes on 
the crystal's front and back surfaces 
and the light shines through them ..." 


whenever he wished; and its signal, 
together with his voice, was re¬ 
corded on a stereo tape. On play¬ 
back, the effect of this combination 
of voice and evolving drawings is 
remarkably engrossing and personal. 

Next, the professor’s talk—includ¬ 
ing the Electrowriter signals—was 
transferred to audio cassettes and 
made available for listening on a 
playback unit, including an Electro¬ 
writer receiver, in a comfortable 
private room. Duplicate prints of 
the professor’s photographs were 
provided. A number of M.I.T. stu¬ 
dents, who took part voluntarily, 
then listened individually to the talk 
and in the course of listening wrote 
down questions which the material 
of the talk raised. The questions 
could be of any sort, not limited to 
those having to do with difficulties 
of understanding. Requests for back¬ 
ground information, questions which 
took off from a point merely hinted 
at, challenges to the speaker’s ex¬ 
planation, new directions resulting 
from new crystallizations in the stu¬ 
dent’s mind—all were encouraged. 

After several of these sessions the 
questions were collected and given 
to the professor for study. At his 
convenience, the professor returned 
and recorded individual answers to 
the questions (using the Electro¬ 
writer as appropriate). The style of 
his answers was direct and personal, 
as though each question had just 
been asked of him. The answers 
were transferred to cassettes, and 
these were placed with the cassettes 
containing the main talk. A new 
listener now had both the main talk 
and these answers at his disposal. 
He could have immediate answers 
to his own questions to the extent 
that they were similar to those for 
which answers had been recorded. 

To gain access to the available 


answers, the listener used a 17 X 22 
in. “map” of the interactive lecture, 
consisting of an outline of the main 
talk and a listing of all the questions, 
as related to each section of the talk, 
for which answers had been re¬ 
corded. Once a particular answer 
(or section of the main talk) is se¬ 
lected, the listener is able by index 
numbers to find that answer—in 
about 10 seconds on the average. 

Using the cassettes and the map, 
listeners continued to add new ques¬ 
tions, some related to the main talk 
as before, and some related to the 
newly available answers. These 
questions were again collected, and 
answers to them were recorded by 
the professor. In all, five interactive 
lectures were made; in each case, 
as the chart shows, the amount of 
answer material exceeds that of the 
main talk. 

To summarize, the making of an 
interactive lecture uses recording 
technology and an empirical method 
to discover and collect lines of in¬ 
quiry around a given topic, so as to 
make them all available, at one time 
and place, to an interested individ¬ 
ual. Though limited in range by 
comparison with the interaction of 
our early experiment, I hoped that 
an interactive lecture would never¬ 
theless be a significant and useful 
step in the development of practical 
systems that were genuinely respon¬ 
sive to personal inquiry. 1 am deeply 
grateful to the five professors who 
made the recordings. Their willing 
interest, the quality of the material 
they created, and their delight at 
receiving excellent questions were a 
constant encouragement to me. 

Using Interactive Lectures 
Interactively 

The major experimental period be¬ 
gan after the interactive lectures 
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Length of 


Total length of 

Interactive lecture 

main talk 

Number of 

answer material 

(title and lecturer) 

(minutes) 

questions 

(minutes) 

Cosmology 

Philip Morrison, Professor of 
Physics, M.I.T. 

166 

49 

203 

Implications ol The Apollo 11 Lunar 
Material 

John A. Wood, Smithsonian Astro- 
physical Observatory 

45 

32 

124 

The Symbiotic Theory ol the Origin of 
Higher Cells 

Lynn Margulis, Assistant Professor 
of Biology, Boston University 

59 

36 

92 

Experiments on the Origin ol Lite 

Carl Sagan, Professor of Astron¬ 
omy, Cornell University 

62 

29 

88 

Leaf Insects, Birds, and Human 

Color Vision 

Jerome Lettvin, Professor of 
Communications Physiology, M.I.T. 

39 

21 

76 


were completed. Forty-eight M.I.T. 
students came over a period of four 
months to try the lectures in re¬ 
sponse to advertising in the student 
newspaper. The ad listed the titles 
and authors of the lectures and 
briefly mentioned that the record¬ 
ings included answers to questions. 
The students who came were ap¬ 
proximately equally distributed from 
freshmen to graduate students. All 
five interactive lectures were avail¬ 
able to a student, and he could 
spend as much or as little time as he 
wished in each of as many sessions 
as he wanted. After a session, he was 
informally interviewed for his com¬ 
ments. The students were also in¬ 
vited to jot down any new questions 
which might occur while listening. 

Since this was an exploratory ex¬ 
periment, and was necessarily con¬ 
ducted in informal circumstances, 
the results most naturally take the 
form of observations on student re¬ 
actions. A significant quantitative 
result, however, concerns the length 
of time each student spent per 
session with the recordings. For the 
48 students, the mean session time 
was 2.1 hours (averaged over the 
mean times for each student). Nine 
students had mean times of 1.5 hours 
or less; 16 had mean times of 2.5 
hours or more. Upon emerging from 
a session, students occasionally ex¬ 
pressed surprise at the amount of 
time which had passed. 

There was a rather close correla¬ 
tion between a student’s background 
and interests, as indicated by his 
major course of study, and the par¬ 
ticular interactive lectures which he 
chose to hear. For instance, students 
in physics would invariably want 
the cosmology recordings, while 
students in biology would usually 
select the recordings on the sym¬ 
biotic theory and on the origin of 


The five interactive lectures listed above 
were made during the course of the 
experiment described by the author. The 
table shows for each lecture the duration 

life. Most students did not choose 
interactive lectures whose topics 
were relatively unrelated to their 
major fields. Most of the students 
who responded to the advertisement 
(in which the topics were fisted) 
were matched, in the above sense, 
to at least one of the interactive lec¬ 
ture topics. 

From their comments, I found that 
students generally used the inter¬ 
active lectures “interactively”; that 
is, they stopped frequently as they 
went through the lecture to hear 
answers to related questions. Twen¬ 
ty-five of the students wrote down 
new questions. A few students at 
first used the recordings in a more 
conventional way: they listened pri¬ 
marily to the main talk and returned 
to questions only at the end of the 
session. In later sessions, however, 
these students said they began to 


of the main talk, the number of questions, 
and the total duration of answer ma¬ 
terial available. 

use questions concurrently with the 
main discussion. It was interesting 
that students quite frequently re¬ 
marked on the value of being able 
to stop the tape and think, or of be¬ 
ing able to repeat a passage exactly. 

The central matter of practical con¬ 
cern was whether the students felt 
the sets of questions with the inter¬ 
active lectures to be sufficiently com¬ 
plete. Since the questions in each set 
had been generated by a small ini¬ 
tial group of students, it was not 
clear how well they would match 
the questions of numerous other 
students. Apparently the sets gen¬ 
eralized rather well. Students typi¬ 
cally said that “at least 50 per cent” 
of their own questions could be 
found on the map and that the ab¬ 
sence of the remaining percentage 
was not limiting. Some students 
mentioned that it was nice to see 
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The console used by students in the ex¬ 
periment, with cassette deck, speaker, 
Electrowriter, and an album containing 


interesting questions on the map 
which might not otherwise have 
come to mind. There was no diffi¬ 
culty in adjusting to the particular 
language of a question as stated on 
the map. However, it became clear 
that the answer on tape should 
closely match the question on the 
map; that is, the question as stated 
should indeed be answered, and 
rather directly. Students occasion¬ 
ally expressed annoyance when this 
was not the case. 

There were interesting results on 
the use of voice plus Electrowriter 
as the means of communication from 
professor to student. This is an age 
of video, yet only a few of the stu¬ 
dents expressed a desire to view the 
speaker on a screen. The rest tended 
to feel that the information gained 
from seeing the speaker would not 
be worth the added expense and 


cassettes for one of the interactive 
lectures. (Photo: Sheldon Lowenthal) 


might even be distracting. The 
voice/Electrowriter combination, on 
the other hand, was found by many 
students to be surprisingly effective 
—and also personal. This was due, 
to judge from their comments, to the 
engaging nature of the Electrowriter 
drawings, to the fidelity of the 
voice recording, and to the in¬ 
dividual feeling with which the main 
talk and the answers had been re¬ 
corded. In fact, several students 
specifically remarked how, on play¬ 
ing back the answer to a question, 
they could easily imagine that the 
professor was present in the room, 
answering directly. (Conceivably, 
an image of the speaker might lessen 
the feeling of personalness, since it 
would suggest an interposed camera 
and another location.) About half 
of the students thought that some 
additional subject-related visual ma- 


On the two following pages Is the "map" 
(rearranged somewhat for the Review’s 
format) of an Interactive lecture on the 
geological analysis of lunar material pre¬ 
pared by John A. Wood of the Smith¬ 
sonian Astrophysical Observatory. 
Questions related to a particular section 
of the main talk (center column) are 
grouped together on the "map" next to 
the corresponding main-talk section. Both 
main talk and answers are indexed so 
that the student can easily go to any 
part of the talk or any answer he seeks; 
in the typical two-part index number, 
the first number refers to the cassette, 
the second to the "band" in that cas¬ 
sette. 


terial (in the form of photographs or 
film-loops) would be useful in con¬ 
nection with certain sections of the 
recordings; the other half did not 
feel an insufficiency in this respect. 

A True Course for 
Educational Technology 
I found that students enjoyed using 
the interactive lectures and valued 
the experience primarily because 
they had gained new information 
and understanding on topics of in¬ 
terest to them. There were numerous 
suggestions that an easily accessible 
library of recordings in the interac¬ 
tive format would be a useful re¬ 
source at school. Some students felt 
that interactive lectures would be a 
desirable substitute for regular lec¬ 
tures. But all of them believed that 
the best use would be in the form of 
a large and diverse library to which 
any student could go to learn a lot 
about a topic of personal interest in 
a relatively short time, and do so 
directly from an expert in the field. 
The students also suggested that an 
interactive lecture would be good 
background for personal discussions 
with the professor who had made it. 

The results of this experiment may 
perhaps be summarized and inter¬ 
preted by the following model. The 
students who came did so out of 
intellectual interest in one or more 
of the topics offered. The sessions 
were long as a consequence of this 
basic interest and also because the 
interaction permitted a student to 
tailor his use of the recordings to the 
things of greatest particular interest, 
and had a personal quality. Because 
the recordings were responsive to 
the students’ intellectual require¬ 
ments, a large amount of visual ma¬ 
terial—beyond that needed for in¬ 
formative purposes—was not essen¬ 
tial. 
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Implications of the Apollo 11 Lunar Material 

by John A. Wood 

Smithsonian Astrophysical Observatory 

Dr. Wood tells how his group has 
worked with sixteen grams of Mare 
Tranquillitatis and come up with a new 
hypothesis about the structure and early 
history of the moon: 


You seem to be skeptical about the value Introduction; distribution o( the 
of the quarantine procedure. Would you lunar sample to various groups 1/1 
explain why? (7 minutes) 3/1 

What Is the present schedule of future 
Apollo missions? 3/2 


How would you assess the value of the 
Apollo program in relation to its cost? 

3/3 


How is the age of a rock calculated from 
its radioactivity? 3/4 

Was there actually any significant proba¬ 
bility of finding fossils or organic com¬ 
pounds on the Moon? 3/5 

You mentioned that some people were 
looking for diamonds in the sample. 

Where would they have come from and 
how would they have been formed? 

6/4 

What is "petrology”? 6/3 

How is the depth of the regolith 
determined? 3/6 

Why is it believed that the regolith is 
deeper in the highlands than in the 
maria? 3/7 

Why does the Moon’s escape velocity 
set a lower limit to the speed of in¬ 
coming meteorites? 3/8 


What might be the meaning of the high 
titanium content of the lunar material? 

4/5 


The terrain at Tranquillity Base; 
diffusion of impact debris 1/2 


Why did the fine lunar dust stick to the Appearance of the sample mate- 
rocks? 4/4 rial: preparation of thin sections 1/3 

The four basic types of rock 
present: 

Basalt 1/4 

Anorthosite, glass, soil breccia 1/5 


How does the chemical analysis of the 
sample compare with analyses of Earth 
material and material from meteorites? 
What questions is one trying to answer, 
and what do the results tend to say? 

(7 minutes) 8/1 

It was mentioned in the newspapers that 
the glass which was found might be the 
result of some special astronomical 
event. Do you think so? 4/6 

What was it about the glassy layer that 
led most people to conclude that Prof. 
Gold’s idea was probably not correct? 

7/2 

What is a "degradation product"? 

6/5 
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The sample as a key to lunar 
structure and thermal history: 

How did the Surveyor 7 alpha-particle Significance of the anorthosites 2/1 

backscattering experiment work, and 
what composition did it find? 4/1 

Would you show the calculation by which 
it is estimated that the Moon’s crust is 

25 km thick? 4/2 

How is the overall density of the Moon 
determined? {7 minutes) 4/3 

Can you really be sure that the highlands 
are composed mostly of anorthosite? 

That seems a critical step in the dis¬ 
cussion. 8/4 

A structural model of the Moon; 
formation of the maria 


If the maria were made by huge meteor¬ 
ite impacts, where are those meteorites 
now? They were certainly too big to have 
been annihilated. 8/5 


What can one say about the fact that all 
2/2 the maria are on one face of the Moon? 

4/7 


What do the results of Apollo 11 and 12 
imply about the way the Moon formed, 
and what, in general, are the major 
theories? (10 minutes) 6/2 

You said that the great density differ¬ 
ence between the Earth and Moon was 
pretty decisive evidence against the ac¬ 
cretion hypothesis. But it seems to me 
just the opposite, namely, that the iron 
would tend toward the central body, 
leaving the lighter material to form the 
Moon. Why would this not be the case? 

7/3 


What do you mean by “refractory”? 

4/8 

Did the radioactive dating give any in¬ 
dication of when this molten or volcanic 
period of the Moon ended and is there 
any indication that there is still some 
volcanic action going on? 8/2 

What is the basis for Professor Urey’s 
belief that the Moon has always been 
cold? (5 minutes) 5/1 


Formation of the crust by mag¬ 
matic fractionation; implication 
that the Moon was once very hot 2/3 


Would you comment on particle accretion 
in general? Does the theoretical problem 
lie in getting the particles to come to¬ 
gether in the first place, or in their stay¬ 
ing together, or in their ultimately fusing, 
or what? (5 minutes) 8/3 

In several places you speak of “tidal 
interactions" between the Earth and 
Moon. Just how does one body twist or 
flex the other? (15 minutes) 7/1 

If you could be placed on the moon with 
a complete lab, what would you do first? 

7/4 


If the Moon was once hot, what was the 
source of heat? (8 minutes) 5/2 


What do your results on early heating 
say about the Moon's origin? 6/1 
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If this interpretation is correct, the 
experiment with interactive lectures 
suggests that technology’s deepest 
contribution to education should oc¬ 
cur not so much in the programming 
of instruction, or even the further 
development of media, but instead 
in the creation of individually re¬ 
sponsive systems. From a practical 
point of view, such systems, to be 
useful and satisfying to people, have 
been thought—at one time by me, as 
well—to require large information 
networks and the consequent use of 
computers. But the present experi¬ 
ment indicates that size is not so im¬ 
portant if the material is generated 
by the right technique. Although 
each interactive lecture had only a 
finite set of answers to questions, 
the students did not find this 
finiteness limiting; nor did they find 
the listed questions inappropriate. 
The essence of creating a responsive 
system of deep fascination may lie in 
finding knowledgeable speakers, ap¬ 
plying good initial questioners, cap¬ 
turing the results on tape, and then 
providing good maps. 

Toward Interactive Learning 
Centers 

What might be the meaning of this 
experiment for universities? I sug¬ 
gest that the experiment responds 
to two increasingly felt needs: for 
closer individual relationships be¬ 
tween students and faculty; and for 
new opportunities and resources 
through which a student can do a 
significant part of his learning on his 
own. The two aims are connected, 
since the more effective a student 
can be in teaching himself, the more 
time both he and a professor will 
have for the kinds of relationships 
in which personal contact is most 
fruitful. A library of interactive re¬ 
cordings should offer important new 


opportunities for independent learn¬ 
ing, but at the same time it should 
have the perhaps unexpected effect 
of increasing in both degree and di¬ 
mensions the direct contact between 
student and professor. 

I can envision a conveniently lo¬ 
cated center where interactive re¬ 
cordings on a great many topics are 
readily available to all students at 
any hour. A freshman, for instance, 
who was curious about lasers could 
come during two free hours and 
learn from an interactive recording 
which would link him, in effect, with 
one of the institution’s foremost 
teachers in the subject. Or a senior, 
interested in a new field whose re¬ 
sults were still scattered in journal 
articles, could connect with a person 
who knew and had assimilated those 
articles—perhaps also written some 
of them—and could put the results, 
and their relative importance, in 
perspective. Another student might 
choose an interactive recording on 
an older but never easy theoretical 
subject such as relativity and he 
would learn through the clarity, ex¬ 
pression, and responsiveness to 
questions of a teacher who, having 
lived with those questions, under¬ 
stood the subject deeply. The first 
activity of the center, then, would be 
to act as an impedance-matcher be¬ 
tween a student who desires to learn 
a certain thing and an expert and 
responsive person who knows that 
thing well. 

But the very fact that the imped¬ 
ance match was a good one would 
lead quite naturally, 1 believe, to the 
student’s seeking out the professor 
and talking further to him person¬ 
ally. The door of a professor’s office 
is always open, but part of a stu¬ 
dent’s problem in crossing its thresh¬ 
old is that he often has had little 
previous interaction with the pro¬ 


fessor and it is hard to know where 
to start. The discussion usually be¬ 
gins with the last quiz, because that 
is something the two have in com¬ 
mon. But it instead they had the 
common experience of an interactive 
recording, I think this kind of ob¬ 
stacle would disappear. The student 
would, in a very important sense, 
know the professor; and the dis¬ 
cussion could begin with the new 
directions and unanswered questions 
the recordings had inspired. 

The center’s second activity would 
be the creation of new interactive 
recordings. In this, the participation 
and contribution of students would 
be essential. New topics and speak¬ 
ers would be chosen according to 
students’ expressed interests, and 
small groups of students would as¬ 
sociate with each professor in the 
generation of each set of recordings. 
This would seem to me a partici¬ 
patory experience of a high human 
and intellectual order. The students’ 
responsibility would be indepen¬ 
dently to discover in themselves 
questions which even as they led to 
new understanding also brought out 
the professor’s talent and power—in¬ 
deed, his inherent greatness—as a 
teacher. And the professor’s com¬ 
plementary responsibility would be 
to put his knowledge and experi¬ 
ence, in the subjects he knows best, 
at these students’ disposal. This 
special kind of interaction would be 
an exciting and rewarding enter¬ 
prise in itself. But it would have 
special reward because it would 
have a creative product—a set of 
recordings—that many others will 
use and enjoy. 

The third activity of the center 
would be research. I have used the 
term interactive recordings in the 
last few paragraphs because I sense 
that there must be a whole family of 
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To Illustrate what he Is saying during 
recording, the speaker—in this photo the 
author—picks up the Electrowriter trans¬ 
useful formats of which the interac¬ 
tive lecture is just one member. As 
an example, one might consider gen¬ 
erating recordings by beginning 
with a small set of fundamental 
questions, letting their answers lead 
to further questions, and building a 
kind of mosaic. Differences in topic 
and degree of formality should prob¬ 
ably lead naturally to differences in 
form. The research would also in¬ 
clude developing new interactive 
technology and testing new devices 


mitter’s pen and writes. {Photo: Sheldon 
Lowenthal) 


experimentally with students to find 
those that make the interaction work 
best. For example, it is possible that 
an interactive recording implies a 
basically new kind of storage and 
play-back design. 

All these activities would take 
place concurrently in the center, in 
an atmosphere of participation and 
intellectual enterprise. Because it 
would be fundamentally concerned 
with questions—with discovering 
real questions and responding excel¬ 


lently to them—I believe the center 
would enjoy a fresh, unifying, and 
constantly revitalizing spirit. It 
would have questions as its focus, 
and it would bring the talents of 
many people directly to bear on 
understanding and exploring this 
most basic expression of the need to 
know. 

My work began with and has been 
sustained by tne belief that the ques¬ 
tion-answer mechanism is intuitive 
to the human mind and must there¬ 
fore flourish and find continual re¬ 
sponse in our society if that society 
is to continue to consist of capable, 
creative, and responsive individuals. 
We cannot afford to forget, as so¬ 
ciety ages and becomes more com¬ 
plex, that every civilized advance 
and every increment of personal 
growth begins with a question. In 
my work I have attempted to under¬ 
stand the dimensions of the ques¬ 
tion-answer mechanism and to dis¬ 
cover structures which, in harmony 
with the nature of that mechanism, 
would permit its exercise to be real 
and wide-spread. I offer for consid¬ 
eration one such structure which, to 
me and to the students who have 
tried it, works and feels right. Its 
value and promise are far from fully 
explored, and to do so will require 
the interest, competence, and energy 
of many people. But this enterprise, 
in which culture and technology 
converge, should be a joyful and 
refreshing one because the goal and 
the need are so deeply human. 
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by Richard A. Carpenter, Chief 
Environmental Policy Division 
Congressional Research Service 
Library of Congress 


Our sudden concern over environ¬ 
mental quality has acted as a politi¬ 
cal shock wave—bringing reor¬ 
ganizations and new agencies to the 
executive branch, changing the in¬ 
gredients of equity in judicial 
decisions, and rattling the windows 
of every office on Capitol Hill. There 
is, of course, a hard factual basis to 
the new emotional perception of en¬ 
vironmental impacts; the problems 
exist, and they are serious. Indeed, 
the passing of superficial faddish¬ 
ness about the environment will 
leave a residue of stubborn serious 
problems for society. 

Our current problems all arise out 
of the exponential increase which is 
revealed in the growth curves, soar¬ 
ing toward the vertical, of prac¬ 
tically any measured value of civil¬ 
ization when plotted against time. 
No matter where we turn we are 
looking at a steep slope. The rates of 
population growth and technological 
change are added together to pro¬ 
duce drastic demands on finite re¬ 
sources and on a biosphere geared 
to the leisurely pace of evolution. 

For example, the Committee on 
Resources and Man of the National 
Academy of Sciences reports that to 
accommodate the population by the 
end of the century, the developed 
world will require additional urban 
facilities equivalent to all those 
already in existence—and corre¬ 
spondingly more for the developing 
countries. The report of the M.I.T. 
Study of Critical Environmental 
Problems (S.C.E.P.), Mans Impact 
on the Global Environment, reports 
the worldwide annual rate of in¬ 
crease of materials flow in a few in¬ 
dustries: agricultural production—3 
per cent, mining—5 per cent, indus¬ 
try based on farm products—6 per 
cent, industry based on minerals— 
9 per cent, construction and trans- 


National Goals 

and Environmental Laws 


portation—6 per cent, and com¬ 
merce in general—5 per cent. All 
these rates exceed the most funda¬ 
mental increase of all—worldwide 
population growth of 2 per cent per 
year. 

The world gross domestic product 
grows at 6 per cent per year— 
doubling in just 12 years. But North 
America, Europe, and Russia—with 
only one-third of the world’s popula¬ 
tion—account for 84 per cent of the 
total gross domestic product. A 
citizen of the developed nations 
commands up to eight times the re¬ 
sources of a native of a less de¬ 
veloped country. Thus the ecological 
demand is to a great extent concen¬ 
trated around the North Atlantic 
ocean, and this geographical im¬ 
balance adds to the impact of ex¬ 
ponential growth. 

This is what has sneaked up on us, 
and it is why we must respond 
quickly if we are to retain purpose¬ 
ful management of our affairs. The 
question is whether our institutions 
of democratic free enterprise are 
responsive enough to achieve effec¬ 
tive decisions for our society. (It is 
worth noting that socialist systems 
have reached the same stage of pres¬ 
sure: Marshall I. Goldman wrote in 
Science for October 2, 1970, that 
the U.S.S.R. senses a problem of 
“environmental disruption that is as 
serious as almost any that exists in 
the world.” So this question is now 
of equal importance: Can interna¬ 
tional management work on a global 
basis—since much of the environ¬ 
ment on which we all depend is in 
fact a “world commons” of the atmo¬ 
sphere and ocean?) 

A Rational Legislative Basis 
The crux of the issue are the con¬ 
flicts and choices among natural 
resources, environmental services. 


and amenities. The historic goals of 
growth, power, wealth, consump¬ 
tion, progress, and security are be¬ 
ing challenged. In the extreme, we 
are urged to replace them with those 
of the new “zero” school—zero 
population increase, zero economic 
growth, zero risk, zero technological 
change. 

My thesis is that our goals have 
never been as simplistically exploit¬ 
ive as we now tend to think, that 
our laws reveal a continuing quest 
for balance and for optimum resolu¬ 
tions of conflicts between resources 
and needs. Man does manage the 
environment in his own self interest. 
Any other premise denies history 
and human nature. It is the con¬ 
tinual redefinition of interest which 
is important and which must be 
allowed for by flexible legislation. 

The rational bases for these politi¬ 
cal expressions are found in the 
principles of natural science and 
economics, tempered by the realities 
of our pluralistic system of politics 
and conventional wisdom. Ecology 
is the integrating discipline through 
which biological axioms—including 
many important new ones—are be¬ 
ing brought into the complex rules 
for environmental management. As 
we learn more and more about the 
interdependence of man and his bio¬ 
sphere, we find our policies and 
practices in conflict. But the political 
process for resolution of such con¬ 
flicts between goals and practice in 
the United States continues to work 
toward optimizing the management 
of the environment for both pro¬ 
ductivity and quality. 

The Intent of the Congress 

A look at U.S. law shows some of 
the policies which guide environ¬ 
mental management in this country; 
each was adopted with considera- 
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Environmental protection has always rested in the U.S. 
more in ethic than in contradictory or absolute legal 
restraint. The author argues for maintaining this tradition. 



tion for prudence and expediency 
in gaining social benefits. Each of 
our laws was written to deal with in¬ 
dividual and often narrow environ¬ 
mental sectors, and so it should be 
no surprise that they occasionally 
conflict with one another. Indeed, in 
the light of today’s knowledge and 
in consequence of change made pos¬ 
sible by technology, it becomes ap¬ 
parent that our laws are often in¬ 
ternally inconsistent. 

For example, the National Park 
Service Act of 1916 was passed to 
promote and regulate the use of 
national parks, but it also contained 
this statement of the purpose of 
these Federal areas: "To conserve 
the scenery and the natural and 
historic objects and the wildlife 
therein and to provide for the en¬ 
joyment of the same in such manner 
and by such means as will leave 
them unimpaired for the enjoyment 
of future generations.” 

Even the Wilderness Act of 1964 
contains an instance of the “have 
your cake and eat it too” syndrome: 
Areas designated as a part of the 
National Wilderness Preservation 
System “shall be administered for 
the use and enjoyment of the Ameri¬ 
can people in such a manner as will 
leave them unimpaired for fu¬ 
ture use and enjoyment as wilder¬ 
ness. . . .” Clearly, technology has 
brought such affluence, leisure time, 
and mobility to our society—and 
thus increasing interest in the use 
and enjoyment of nature—that un- 
impairment is now difficult to recon¬ 
cile with the millions of citizens 
who wish to visit wilderness areas. A 
trip through many of our national 
parks and monuments this summer 
would provide ample evidence of the 
conflict in these instructions. 

Public Law 91-631 passed re¬ 
cently by the Congress sets forth a 


The author contends that American 
goals have never been "simplistically 
exploitive,” that our laws "reveal a con¬ 
tinuing quest for balance;” today’s 
emphasis on environmental issues 
is but a way station in the evolution 
of our relationship to our planet. The 
pendulum's swing now seems rapid, 
however: "overt pollution is not defens- 

new minerals policy declaration 
which emphasizes both the desir¬ 
ability of further expansion of the 
minerals industry and the need to 
protect environmental values (Sec. 
2): “The Congress declares that it 
is the continuing policy of the fed¬ 
eral government in the national in¬ 
terest to foster and encourage pri¬ 
vate enterprise in (1) the develop¬ 
ment of economically sound and 
stable domestic mining, minerals, 
metal, and mineral reclamation in¬ 
dustries; (2) the orderly and eco¬ 
nomic development of domestic min¬ 
eral resources, reserves, and recla¬ 
mation of metals and minerals to 
help assure satisfaction of industrial, 
security, and environmental needs, 
(3) mining, mineral, and metal¬ 
lurgical research, including the use 
and recycling of scrap to promote 


ible in the present climate of opinion." 

A typical response is this $10 million 
plant at Rochester, N.Y., where up to 
36 million gallons a day of Eastman 
Kodak Co.'s industrial waste water can 
be treated before its return to the 
Genesee River. (Photo: Eastman Kodak 
Co.) 


the wise and efficient use of our 
natural and reclaimable mineral re¬ 
sources, and (4) the study and de¬ 
velopment of methods for the 
disposal, control, and reclamation of 
mineral waste products, and the 
reclamation of mined land, so as to 
lessen any adverse impact of min¬ 
eral extraction and processing upon 
the physical environment that may 
result from mining or mineral ac¬ 
tivities.” 

For the Forest Service, the Organic 
Act of 1897 named water and timber 
as the resources for which the na¬ 
tional forest were established—“to 
furnish a continuous supply of tim¬ 
ber.” The Multiple Use—Sustained 
Yield Act of 1960 stated: “It is the 
policy of the Congress that the na¬ 
tional forests are established and 
shall be administered for outdoor 
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recreation, range, timber, watershed, 
and wildlife and fish purposes. The 
purposes of this Act are declared to 
be supplemented to, but not in 
derogation of, the purposes for 
which the national forests were es¬ 
tablished as set forth in the Act of 
June 4,1897.” 

The theory of multiple use is now 
taken as a starting point in many 
land management controversies—in, 
for example, the justification of dams 
by the Corps of Engineers, the zon¬ 
ing decision of urban planners, and 
the setting of water quality stan¬ 
dards. But multiple-use is not help¬ 
ful in setting priorities or resolving 
conflicts. The Public Land Law Re¬ 
view Commission wrote in a recent 
report, “ ‘Multiple use’ is not a pre¬ 
cise concept. It is given different 
meanings by different people, as 
well as different meanings in dif¬ 
ferent situations. We have listened 
to statements from diverse interests 
who all commended the idea of mul¬ 
tiple use, but it was apparent that 
they were supporting different basic 
positions. This confusion permeates 
public land policy. 

“VVe recognize that nearly all 
public lands are capable of pro¬ 
ducing a variety of values, but we 
do not believe that this means that 
these lands are necessarily managed 
for multiple purposes. It is also our 
belief that multiple use has little 
practical meaning as a planning con¬ 
cept or principle. We do, however, 
believe that the term can be used 
meaningfully in a descriptive sense 
to describe the operation of present 
public land policy under which (1) 
national forest and unreserved 
public domain lands are managed 
for a variety of goods and services, 
and (2) the administrative agencie 
determine which use shall be made 
of the lands in each situation, since 


no statutory preference is specified.” 

In the example of the national 
forests it should be noted that the 
title itself sets up a potential con¬ 
flict: “The Multiple Use—Sustained 
Yield Act.” As defined in the Act, 
sustained yield means “the achieve¬ 
ment and maintenance in perpetuity 
of a high-level annual or regular 
periodic output of the various re¬ 
newable resources of the national 
forests without impairment of the 
productivity of the land.” 

Implementation of the Laws 
Beyond the preamble rhetoric of 
goals lies the working language for 
administration. The present water 
pollution control legislation (P.L. 
91-224) and the controversial 
amendments now before the Con¬ 
gress illustrate the provisions for 
balanced implementation. Called 
“safeguards” by some and “loop¬ 
holes” by others, these operational 
phrases are interpreted in real world 
specific situations. 

The existing law states: “Standards 
of quality established pursuant to 
this subsection shall be such as to 
protect the public health or welfare, 
enhance the quality of water and 
serve the purposes of this Act. In 
establishing such standards the 
Secretary, the hearing board, or the 
appropriate state authority shall take 
into consideration their use and 
value for public water supplies, 
propagation of fish and wildlife, 
recreational purposes, and agricul¬ 
tural, industrial, and other legitimate 
uses.” 

If discharges occur which violate 
the standards in interstate or navi¬ 
gable waters, the federal govern¬ 
ment may institute abatement action 
by suit or by injunction. The law 
gives these instructions: “The court, 
giving due consideration to the 


practicability and to the physical 
and economic feasibility of secur¬ 
ing abatement of any pollution 
proved, shall have jurisdiction to 
enter such judgment, and orders en¬ 
forcing such judgment, as the pub¬ 
lic interest and the equities of the 
case may require.” 

The new amendments seek to com¬ 
bine the discharge permit system of 
the 1899 Refuse Act with a definite 
time table for effluent control. The 
widely publicized declaration of pol¬ 
icy states: “The objective of this Act 
is to restore and maintain the na¬ 
tural chemical, physical, and bio¬ 
logical integrity of the Nation’s 
waters. In order to achieve this ob¬ 
jective it is hereby declared to be 
national policy that consistent with 
the provisions of this Act—(1) the 
discharge of pollutants into the navi¬ 
gable waters be eliminated by 
1985 . . Reaction to this goal of 
restoring a pristine state has gen¬ 
erated the label of “1491 Standard” 
(pre-Columbian). However, a more 
careful reading of the bill and the 
important Senate floor debate re¬ 
veals instructions for administration 
to “require the application of the 
best practicable control technology 
currently available . . and if . . 
compliance is not attainable at a 
reasonable cost, in which event 
there shall be applied an effluent 
limitation based on that degree of 
effluent control achievable through 
the application of the best available 
technology, taking into account the 
cost of such controls... 

During floor debate, Senator Mus- 
kie said, “Reasonable cost is the 
basic test, under the pending bill, 
for eliminating discharges.” 

Senator Buckley interpreted a “rule 
of reason” into the Act where “the 
next standard would not be imple¬ 
mented if the social and economic 
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The Swampland Acts of the mid-nineteenth century were 
designed to recover fertile acreages for agriculture. Now we are 
determined to preserve coastal zones, estuaries and wet lands ... 


costs clearly out weighted the social 
and economic benefits.” 

If these new amendments are 
adopted, there will still be leeway 
and flexibility to reflect the public’s 
willingness to pay and its dedication 
to environmental quality. Adjudica¬ 
tion of the law is an important 
means of ascertaining the balance 
of goals. 

Court action is reached only after 
a long series of hearings and investi¬ 
gations. In the past few years con¬ 
siderable abatement has been moti¬ 
vated by the public exposure of pol¬ 
luters through this process. Gross, 
obvious, and overt pollution is not 
defensible in the present climate of 
opinion. However, a recalcitrant 
business or community can look to 
the letter of the law and bring the 
sequence of criteria, standard set¬ 
ting, emission control, and abate¬ 
ment enforcement to the point of 
judicial decision. Thus the final out¬ 
come of a hypothetical struggle be¬ 
tween a stubborn polluter and a 
zealous enforcement agency de¬ 
pends on the interpretation of value 
words such as enhance, practicabil¬ 
ity, economic feasibility, and equity. 

Complementing these laws, which 
are seeking to regulate the private- 
sector use of the air and water com¬ 
mons, is the National Environmental 
Policy Act. Section 102(2) (c) re¬ 
quires all federal departments and 
agencies to “include in every recom¬ 
mendation or report on proposals 
for legislation and other major Fed¬ 
eral actions significantly affecting 
the quality of the human environ¬ 
ment, a detailed statement by the 
responsible official on (1) the en¬ 
vironmental impact of the proposed 
action, (2) any adverse environ¬ 
mental effects which cannot be 
avoided should the proposal be im¬ 
plemented, (3) alternatives to the 


proposed action, (4) the relation¬ 
ship between local short-term uses 
of man’s environment and the main¬ 
tenance and enhancement of long¬ 
term productivity, and (5) any ir¬ 
reversible and irretrievable commit¬ 
ments of resources which would be 
involved in the proposed action 
should it be implemented.” 

The Act carries no authority for 
prohibition of an activity even if the 
impact statement should present an 
unattractive cost-benefit analysis. It 
simply creates a new and more com¬ 
plete fund of information for de¬ 
cision-making by the President, the 
Congress, and the public, for these 
reports are all to be available for 
inspection. It is in fact such elucida¬ 
tion of the consequences of tech¬ 
nological change that offers the best 
chance for conflict resolution. 

The National Environmental Policy 
Act in its declaration of policy in 
Title I makes clear the dichotomy 
in legislative language by calling on 
the federal government “to create 
and maintain conditions under 
which man and nature can exist in 
productive harmony . . .” (emphasis 
added). 

This continuing quest for balance 
has been written into operating in¬ 
structions for the Environmental 
Protection Agency. Last year the 
Senate-House conference report on 
appropriations for E.P.A. stated: 
“The conferees, therefore, direct 
that, in addition to the environ¬ 
mental effects of an action, all re¬ 
quired reports from departments, 
agencies, or persons shall also in¬ 
clude information, as prepared by 
the agency having responsibility for 
administration of the program, pro¬ 
ject, or activity involved, on the ef¬ 
fect on the economy, including em¬ 
ployment, unemployment, and other 
economic impacts.” 


Conflict, Compromise, and Progress 

The production of electric energy 
leads to environmental conse¬ 
quences which give this goal-de¬ 
rived conflict first priority in 1972. 
The legislation establishing the 
Federal Power Commission in 1920 
stated “the purpose of assuring an 
abundant supply of electric energy 
throughout the United States with 
the greatest possible economy and 
with regard to the proper utilization 
and conservation of natural re¬ 
sources.” This almost incidental ref¬ 
erence to the environment may be 
contrasted with the provision in 
the Electric Power Environmental 
Policy Act of 1970 (introduced but 
not enacted as yet) “that such bulk 
supply facilities be constructed, op¬ 
erated, and maintained in a manner 
adapted to assuring a safe, healthful, 
productive, esthetically and cul¬ 
turally pleasing environment for all 
of the nation, including the pres¬ 
ervation of important historic, 
cultural, and natural aspects of the 
nation’s heritage.” 

The current preoccupation with re¬ 
stating goals is perhaps epitomized 
by the language of the Full Op¬ 
portunity and National Goals and 
Priorities Act (S.5) which passed 
the Senate in 1970: “to promote and 
encourage such conditions as will 
give every American the opportunity 
to live in decency and dignity, and 
to provide a clear and precise pic¬ 
ture of whether such conditions are 
promoted and encouraged in such 
areas as health, education and train¬ 
ing, rehabilitation, housing, voca¬ 
tional opportunities, the arts and 
humanities, and special assistance 
for the mentally ill and retarded, the 
deprived, the abandoned, and the 
criminal, and by measuring progress 
in meeting such needs.” 

Many other examples of conflict 
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There is no absolute standard of cleanli¬ 
ness in present federal water-control 
legislation; the final outcome of any 
struggle between a polluter and an 
enforcement agency, says the author, 
"depends on the interpretation of value 

could be cited. The Swampland Acts 
of the mid-nineteenth century were 
designed to recover fertile acreages 
for agriculture. Now we are deter¬ 
mined to preserve coastal zones, 
estuaries and wet lands, realizing 
their role as nurseries for much of 
the ocean fisheries. The Appalachia 
bill provides for the accelerated 
construction of dams, roads, reser¬ 
voirs, and other public works as im¬ 
mediate employment sources and 
the ingredients of economic growth 
while acknowledging the need to 
protect the esthetic and recreational 
values of that unique region. 

But perhaps the most dramatic 
change in public policies can be 


words such as ‘enhance,’ ‘practicability,’ 
‘economic feasibility,’ and 'equity.' ” But 
quantitative measures of water content 
and basin settlings enter into such 
judgments. (Photo: Eastman Kodak Co.) 


seen in two landmark laws, a short 
(juarter century apart in time. From 
the Employment Act of 1946; “The 
Congress hereby declares that it is 
continuing policy and responsibility 
of the federal government to use all 
practicable means consistent with its 
needs and obligations and other es¬ 
sential considerations of national 
policy ... to promote maximum 
employment, production, and pur¬ 
chasing power.” And from the Na¬ 
tional Environmental Policy Act of 
1969: “The Congress, recognizing 
the profound impact of man’s ac¬ 
tivity on the interrelations of all 
components of the natural environ¬ 
ment, particularly the profound in¬ 


fluences of population growth, high- 
density urbanization, industrial ex¬ 
pansion, resource exploitation, and 
new and expanding technological 
advances, and recognizing further 
the critical importance of restoring 
and maintaining environmental 
quality to the overall welfare and 
development of man, declares that 
it is the continuing policy of the 
federal government, in cooperation 
with state and local governments 
and other concerned public and pri¬ 
vate organizations, to use all prac¬ 
ticable means and measures, includ¬ 
ing financial and technical assist¬ 
ance, in a manner calculated to 
foster and promote the general 
welfare, to create and maintain con¬ 
ditions under which man and nature 
can exist in productive harmony, 
and fulfill the social, economic, and 
other requirements of present and 
future generations of Americans.” 

The President’s National Goals Re¬ 
search Staff in the recent report 
Toward Balanced Growth: Quantity 
with Quality, commented: “On the 
basis of these two contrasting policy 
declarations, the recently evolved 
position of the Congress apparently 
is that our society wishes to continue 
to expand its productive capacity, 
but that a more concentrated effort 
must be made to apply our techno¬ 
logical prowess in harmony with 
social and environmental quality 
goals: i.e., to pursue a policy of 
balanced growth.” 

The Need for an Ethic 

There are those who would conclude 
from this analysis of laws that they 
are toothless rhetoric, defanged by 
a basic misunderstanding of the con¬ 
flict between use and conservation 
and by conditional phrases, loop¬ 
holes and value words. But %vhat is 
the alternative for achieving the 
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Strategies based on rigid numerical standards and time tables 
of compliance have been repeatedly rejected over the years as 
arbitrary, unscientific, a denial of improving knowledge and 
techniques, and certain to cost society more than is gained. 


agreed-upon goal of productive har¬ 
mony? 

Some environmental changes have 
been effected in the past by devious 
means, which we can hardly recom¬ 
mend for today’s problems and cli¬ 
mate. Vannevar Bush, in his recent 
book Pieces of the Action, ascribes 
the decline of the steam engine for 
automobiles and simple boats to 
arbitrary laws: “The gasoline engine 
developers got legislation enacted in 
various places which prohibited an 
open flame in a garage, and the 
steamer had a pilot flame that gen¬ 
erally was kept alight.” As for boats, 
“Laws were passed, all over the 
land, which provided that only a 
licensed engineer might operate a 
steam engine. ... No doubt the laws 
were favored by the steam engineers 
as likely to provide jobs. What they 
did was to make the steam launch 
obsolete.” 

Another alternative is to write laws 
which legislate rigid numerical stan¬ 
dards and time tables of compliance. 
Even the technology to be employed 
could be specified. This approach 
has been repeatedly rejected over 
the years as arbitrary, unscientific, 
a denial of improving knowledge 
and techniques, and certain to cost 
society more than is gained. 

From time to time the frustrations 
of continued environmental de¬ 
gradation, increased population con¬ 
centrations, and growing technologi¬ 
cal impacts renew the call for un¬ 
complicated, hard-line legislative 
fiat. 

In the 1970 amendments to the 
Clean Air Act, the Congress for the 
first time legislated numerical stan¬ 
dards by which, for example, auto¬ 
mobile exhaust emissions are to be 
reduced to 10 per cent of the 1970 
value by 1975. With careful and in¬ 
telligent administration, such a chal¬ 


lenge may be what the auto industry 
needs. On the other hand, rigorous 
interpretation in the absence of 
technological feasibility may disrupt 
the industry or result in very ex¬ 
pensive and complex equipment. 
The outcome will be of interest to 
the entire nation—and especially to 
the 14 per cent of the labor force 
associated in one way or another 
with the automobile. 

Toward a Social Conscience 
The realities of the world situation 
support the legislative language of 
trade-offs, negotiations, progres¬ 
sively tightened requirements, and 
equity. An adequate, tenable stan¬ 
dard of living for a controlled world 
population seems just barely within 
the grasp of civilization. It will only 
be achieved by the most intelligent 
use of natural resources and the re¬ 
cycling processes of the environ¬ 
ment. Ecological principles show 
that, for the long term, maxi¬ 
mum productivity coincides with a 
healthy, esthetically pleasing en¬ 
vironment. This is the condition 
which we must create. Knowledge 
in the environmental sciences is not 
yet sufficient to specify the optimum 
condition in detail, but the direc¬ 
tions away from many present prac- 
tics are clear. 

For the United States, social pres¬ 
sures and economic demands make 
it necessary to get “from here to 
there” without severe disruptions 
such as unemployment, materials 
and energy shortages, or regional 
depressions. The rational, sequen¬ 
tial, science-based approach, allow¬ 
ing for variations of social and eco¬ 
nomic practicability as in the pres¬ 
ent laws, seems to be the preferred 
system. Fortunately, U.S. science is 
strong and should be fully focused 
on these environmental paradoxes. 


Ingenuity may quite often minimize 
the economic cost of improved air 
or water quality. New processes may 
well be based on the concept of es¬ 
sentially total recycle to minimize 
wastes. Land-use planning and sys¬ 
tematic materials and fuels alloca¬ 
tion can improve industrial ef¬ 
ficiency and preserve environmental 
amenities. 

The deep public concern creates 
receptivity to ecological information 
and will make possible an ethic 
which will sustain broad support 
when the costs of changed life style 
and reimbursement for past de¬ 
gradation are paid. In a democracy 
this ethic of environmental quality 
is the only ultimate basis for prog¬ 
ress. 

Rene Dubos reminds us that man 
can adapt to an environment of very 
low quality and still exist as a 
species. The question then becomes 
one of leadership and knowledge. 
By which route will society choose 
an ennobling state for itself and the 
living landscape? 
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Famed for quality craftsman¬ 
ship, selected northern hard¬ 
woods, with gold M.l.T. shield, 
gold decoration on handsome 
black finish, the M.l.T. chair 
has earned the right to be a 
tradition. Choose black arms, 
$46, or cherry arms, $46. Red 
and grey Duraleather covered 
cushion, $ 11 . 



DIRECTOR’S 

CHAIR 

Features the 3-color M.l.T. 
crest on the heavy white duck 
and black or natural varnish 
finish on the sturdy, foldable 
frame, $18.95 



INSIGNIA GLASSES 

The white Tech crest is fired 
on handblown quality glass¬ 
ware with platinum rim. Order 
Hi-Ball, $1.25 each, $14.00 per 
dozen or Double Old Fash¬ 
ioned, $1.30 each, $15 per 
dozen. 



A 

good way 
to 

remember 



PERSONALIZED 

PLAQUES 

Cast bronze M.l.T. emblem is 
mounted on solid hand-rubbed 
walnut, shaped as a shield or 
rectangle (both 8 V 2 " x 11"). 
Graduate's name is engraved 
on the brushed sheet bronze 
nameplate. Engraving is filled 
with black inlay so letters ap¬ 
pear in distinctive double out¬ 
line style. Excellent gift idea. 
Order from Tech Coop. $18.95. 



SCHOOL TIES 

The M.l.T. shield is woven in a 
repeated pattern on plain back¬ 
grounds of red, black or navy. 
Fine quality silk repp, $ 6 . 


do&f 

1 r“ m r- _ 


M.l.T. Student Center 
84 Massachusetts Avenue 
Cambridge, Mass. 02139 


PLEASE SEND: 

□ M.l.T. Chair 

with black arms Express collect $46 _ 

□ M.l.T. Chair 

with cherry arms Express collect $46 - 

□ M.l.T. Cushion $11. - 

□ M.l.T. Director’s Chair, 

Natural Express collect $18.95 _ 

□ M.l.T. Director’s Chair, 

Black Express collect $18.95 - 

- Totals 

□ Hi-Ball Glasses @$1.25 ea., @$14.00 dz. . 

□Double Old Fashioned Glass @$1.30 ea., _ 

@$15.00 dz- 

□ Red DBIack nNavyTie(s) @$6. ea. - 

□ M.l.T. Plaque with nameplate $18.95 - 

Graduate’s Name.- 


Class of. 


Please ship to: 
Address _ 


Zip 


Ordered by: 
Address _ 


Zip. 


Coop #_ 

Charge my account □. 
Check □_ 


Handling and shipping charges extra. Approx. 30 
days delivery from Gardner, Mass. All chairs 
delivered in Mass, must be prepaid. Make 
checks payable to the Harvard Cooperative 
Society. Massachusetts residents: Please add 
3% Mass, sales tax. (Out of state residents: No 
tax except when delivered in Mass.) Prices 
subject to change without notice. 
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Trend 

of 

Affairs 


Trends This Month 

COMPUTING _ 

Japanese self-sufficiency—and equal 
space ... A TROLL to calculate social 
economics ... A warning against a 
patched-together world-view. 

TRANSPORT _ 

Lead-free gasoline—the reasons and 
the consequences ... A steam-car and 
a vapor competitor compared . . . 
Busses that come to your front door 
. . . Trains that go faster on the same 
old rails. 

economics _ 

Japan finds the G.N.P. too gross a mea¬ 
sure of success . . . And the Nether¬ 
lands works out a better one. 

EDUCATION _ 

Among the new graduates, the engi¬ 
neers lead in a difficult struggle . . . 
Between President and President . . . 
Teaching and marking papers—a con¬ 
flict of interest. 


COMPUTING 


Japan’s Insular 
Computer Industry 

Is there any hope that Japan represents 
an export market for American-made 
computing equipment? Not much, ac¬ 
cording to Franklin F. Kuo, of die 
University of Hawaii, whose survey of 
the Japanese computer industry was 
published this year by the U.S. De¬ 
partment of Commerce. On the other 
hand, neither will there be much traffic 
the other way, Professor Kuo thought 
(and this was before measures were 
taken to reduce imports into the U.S.). 

Japan resembles the U.K. in that its 
computer market is by no means dom¬ 
inated by I.B.M. There is an I.B.M.- 
Japan, which likes to be regarded as 
Japanese and has about 30 per cent of 
the market; Oki-Univac has about 13 
er cent. Half the nation’s computer 
usiness goes to purely Japanese com¬ 
panies, and most of that is divided be¬ 
tween “the big six”—Nippon Electric 
Company, Fujitsu, Hitachi, Toshiba, 
Oki-Denki and Mitsubishi Electric. 

The big six cooperate economically 
with each other and with the Ministry 
of International Trade and Industry 
(MITI), while preserving an active 
rivalry on the technical side. Since 
1961 they have shared a common leas¬ 
ing company, Japan Electronic Com¬ 
puter Company; any rented big six 
computer must first be sold to J.E.C.C. 
The renting company, writes Professor 
Kuo, is not just a business operation: 
it represents “a spirit of solidarity 
which links together all Japanese com¬ 
puter companies into an invisible union 
against outside encroachments.” 

In 1966, MITI set out to fund the 
development of a large, high-power 
machine, such as none of the nation’s 
computer companies would have found 
it easy to launch single-handed. Nip¬ 
pon Electric (N.E.C.), Fujitsu and 
Hitachi have been joint primary con¬ 
tractors, farming out work to other 
computer companies, government lab¬ 


oratories, and universities. Target date 
for delivery is early this year. Professor 
Kuo describes the machine—a multi¬ 
processor system with a mean instruc¬ 
tion-execution time of 200 nsec—as “in 
the same class as a CDC 6600.” It is 
questionable, he says, whether it will 
ever be sold commercially, but it will 
be—rather as was the development of 
IBM’s STRETCH system—a focus for 
technological advances which will be 
used in later production machines. 

N.E.C., Fujitsu, and Hitachi, which 
also share the country’s biggest soft¬ 
ware company, are teamed up in 
another major program—the develop¬ 
ment of a time-sharing system for Nip¬ 
pon Telephone and Telegraph 
(N.T.T.). “In general,” writes Profes¬ 
sor Kuo, “time-sharing systems seem to 
be available in Japan, but not very 
popular,” and N.T.T. “seems to be the 
only major firm that is planning to offer 
time-sharing on a large-scale basis.” 
The N.T.T. system, which should be 
operational this year, will apparently 
be able to serve 600 active users simul¬ 
taneously. Each of the three com¬ 
panies will independently produce a 
trial system, and N.T.T. will choose 
between them. 

What are Japan’s weak spots? Soft¬ 
ware is “quite underdeveloped” in 
comparison with hardware. Minicom¬ 
puters made in the U.S. should be 
saleable in Japan, since “each com¬ 
pany had only one minicomputer in 
production with the approximate ca¬ 
pability of a PDP-8.” Peripherals: de¬ 
mand seems to be ahead of supply, 
particularly for auxiliary storage de¬ 
vices, and Japanese terminals are “rela¬ 
tively crude” compared with American 
equipment—there is a notable dearth 
of C.R.T. terminals. But with those 
exceptions, the big six take care of 
themselves, needing little trade with 
other countries in either direction. 

Finally, a historical note: Professor 
Kuo recalls that “in an effort to coun¬ 
teract the increasing trade deficit, the 
U.S. Department of Commerce and 
the Association for Computing Ma¬ 
chinery (A.C.M.) held a computer ex- 
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hibition and symposium in Tokyo on 
October 12-17, 1970, called COM¬ 
PUTER 70. The exhibition was based 
upon the premise that the United 
States is more advanced than Japan in 
computer technology. . . . The U.S. 
Ambassador to Japan, Armin H. Meyer, 
formally opened the Exhibition with a 
short address in which he hit hard at 
the trade deficit between the U.S. and 
Japan, and hoped that Japan would 
buy lots of U.S. computers to compen¬ 
sate for their excesses in other fields.” 

On October 3-5, 1972, Tokyo will 
host “the first major computer con¬ 
ference jointly sponsored by national 
professional organizations from the 
U.S.A. and Japan.” In the words of 
the President of the American Federa¬ 
tion of Information Processing So¬ 
cieties, Inc., (which includes A.C.M.) 
“the U.S.A.-Japan Computer Con¬ 
ference will enable computer experts 
from two of the world leaders in the 
manufacture and development of com¬ 
puters to assess and compare the tech¬ 
nological developments from both na¬ 
tions.” And the U.S. co-chairman of the 
conference promises “equal space to 
exhibits of U.S. and Japanese equip¬ 
ment and services. Similarly, there will 
be an approximate 50-50 split at the 
technical sessions. Stress will be on 
subjects of common interest and com¬ 
mon concern.” 

Social Economics 
Quantified 

A new model-building tool for econo¬ 
mists and management scientists, at¬ 
tempting to make quantitative a large 
body of social science research for 
which theory has outstripped practice, 
is now going into service—the TROLL 
econometric research system, devel¬ 
oped in the M.I.T. Department of 
Economics during the past four years. 

TROLL was devised for use in devel¬ 
oping large models of economic sys¬ 
tems, to show how data on economic 
behavior relate quantitatively to each 
other. For example, the system can 
give numerical answers to such ques¬ 
tions as: What will be the effect of an 
increase of 0.5 per cent in short- and 
long-term interest rates upon wages, 
prices, unemployment, investment, 
consumption, and gross national prod¬ 
uct? Or what would be the effect of a 
given change in corporate excess- 
profits tax? 

In the hands of the Computer Re¬ 
search Center for Economics and Man¬ 
agement Science (C.R.C.), TROLL 
will become COS, the “Center Op¬ 
erating System,” available to econo¬ 
mists, managers, and even scientists 
throughout the U.S. through a time- 
shared, interactive system. 

The new Computer Research Center 


is a project of the National Bureau of 
Economic Research, Inc. (N.B.E.R.), 
a 50-year-old nonprofit corporation 
based in New York; C.R.C. is financed 
by a two-year, $1.9 million grant to 
N.B.E.R. by the National Science 
Foundation with a commitment “in 
principle” for an additional $3 million 
of funding for three years thereafter. 
C.R.C.’s Executive Director is Edwin 
Kuh, who is on leave for the current 
year from his duties as Professor of 
Economics at M.I.T. Mark Eisner, who 
studied economics with Professor Kuh 
at M.I.T., is Technical Director, and 
C.R.C. is governed by a Policy Com¬ 
mittee representing seven leading uni¬ 
versities headed by John R. Meyer, 
Professor of Economics at Yale. 

Having TROLL “in our closet,” says 
Dr. Eisner, is C.R.C.’s biggest current 
asset. The Center’s first task will be to 
extend the benefits of TROLL to re¬ 
searchers throughout the U.S. by 
time-sharing C.R.C.’s own computer or 
by putting needed parts of the TROLL 
program into others’ machines. This 
accomplished, the C.R.C. will proceed 
with studies of other techniques for 
economic analysis, “programming those 
which offer the greatest promise of 
stimulating new types of empirical re¬ 
search,” says Dr. Kuh. 

“Since we are essentially working on 
new research tools, the possible bene¬ 
fits are not limited to economics and 
management science,” Dr. Kuh said. 
The new software tools will be ap¬ 
plicable in any discipline dealing with 
“complex masses of data characterized 
by interdependencies, nonlinearities, 
and other complications which are 
evident in the way real-world systems 
change over time”. The real-world sys¬ 
tems may be anything from the econ¬ 
omy of a developing nation to a string 
of protein molecules. 

“Science” as the 
Opium of the People 

“There are two distinct meanings to the 
word science. The first meaning is 
what physicists and mathematicians do. 
The second meaning is: a magical art, 
about which the general public has 
superstitions.” 

The speaker was Jerome Y. Lettvin, 
Professor of Communications Physi¬ 
ology at M.I.T., and he was addressing 
a recent conference on “Culture and 
Science” held by UNESCO in Paris. 
Professor Lettvin has long been known 
for his habit of reminding the logic- 
bound that there are more things in 
heaven and earth than will conform to 
rigorous analysis. But in Paris he 
seemed seriously afraid that the battle 
between the spirit and the letter (more 
precisely, of course, the alphanumeric 


character) may finally be lost. 

It is becoming common to speak of a 
rise of neo-Luddism; but Professor 
Lettvin still finds that in the minds of 
the majority of people, “ ‘Science says’ 
has replaced ‘scripture tells us,’ with 
no more critical reflection on the one 
than on the other.” 

This science-based public faith con¬ 
tains dangerous errors, accepted with¬ 
out criticism even by those who pass 
as rebels (which may be why Professor 
Lettvin does not mention the “neo- 
Luddites”—at bottom, they are con¬ 
ventional in their axioms): “The most 
vicious thing that this public science 
says—the supporting lie on which rev¬ 
olutionary and reactionary alike agree 
—is that truth is in number, numbers 
are in machines, machines are not hu¬ 
man, and are therefore just.” 

The computer has also had a distort¬ 
ing effect on the minds of the scientists 
themselves. In former times “one used 
to assume that laws are simple but 
hard to find.” But the computer can 
extract results from an inelegant con¬ 
catenation of data and equations with¬ 
out anyone having really understood 
anything. “It is possible, for example, 
to paten together weather prediction, 
or the location of oil deposits, or put¬ 
ting a man on the moon, because the 
dogwork of patching data can be done 
easily and rapidly by machine. . . . 
However, the patchwork is not usually 
a theory in any classical sense.” 

The result is that the effort to acquire 
real insight into nature is neglected, as 
unnecessary. “The phenomenal world 
fades. What one perceives becomes not 
different in substance from the confec¬ 
tions that model it, and the models not 
different in principle one from the 
other.” Today, says Professor Lettvin, 
even the young see the world not as 
“a great chain of being” but as “a jig¬ 
saw puzzle, the connections between 
the parts arbitrary or conventional, the 
nature of the parts accidental or con¬ 
trived.” 

The detachment from sensible reality 
—which Professor Lettvin calls Antae- 
ism, “after the unhappy giant that Her¬ 
cules killed by keeping him from 
touching the earth”—extends to no¬ 
tions of human nature itself. 

“From the nature of psychological 
tests, from the results of brain stimula¬ 
tion, from the discovery of ‘centers’ in 
the brain (e.g. those for ‘pain’ or 
‘pleasure’), from the attempt to make 
the blind see by inserting a primitive 
television set into the brain . . . from 
the whole of contemporary psychology 
and so-called brain sciences, the image 
of man is that of a determined mosaic 
of stimulus-response mechanisms, per¬ 
haps modified contingently, but still a 
clock-work that can be disassembled.” 
And if individuals can be viewed this 
way, so can groups: there is now a 
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kind of social scientist who “writes the 
thermodynamics of the masses, defines 
social heat, social order, social equili¬ 
brium, etc.” He is not, says Professor 
Lettvin, the real scientist that he claims 
to be, for he has detached himself from 
reality. But he is “heard in the parishes 
to which high learning never pene¬ 
trates, and it is from him that the new 
church emanates.” 

And in this new church, a new saviour 
is about to be bom: Artificial Intelli¬ 
gence. “You have heard vague rumors 
of his coming, but there will be a point 
at which you will be told that he came 
but you were looking elsewhere. 

“Again, as always, there are two as¬ 
pects to the science. On the one hand 
there is the serious attempt, first, to 
find what are the properties and limits 
of computers . . . and second, whether 
human perceptions and judgement 
have rules that can be formalized . . . 
On the other hand there is the public 
aspect, that promises new hope for 
automatic babysitters, psychiatrists 
and executives. . . . From the govern¬ 
ment's point of view, I may add, it 
doesn’t matter one bit whether the de¬ 
vice can be used, for all that is re¬ 
quired of it is proclaimed existence, 
the public belief in an inspired golem, 
for the government to let it be known 
it is in use. Wiener attributed too much 
integrity to our leaders in his warning 
on this subject... .” 


TRANSPORT __ 

Gasoline Lead: 

Goals and Penalties 

In the Sept. 7, 1971 issue of New Sci¬ 
entist and Science Journal, Jon Tinker 
quotes a report said to be written by 
Mobil Oil Company’s Management 
Sciences Department: “. . . lead should 
be removed from gasoline because it 
contributes to engine deposits, causes 
particulate emissions, increases hydro¬ 
carbon emissions, is a dangerous heavy 
metal poison and destroys the effect- 
tiveness of catalytic converters. These 
reasons for removal justify an imme¬ 
diate effort to reduce the average lead 
content of gasoline.” 

Tinker comments: “What is signifi¬ 
cant is that Mobil ... is being urged 
to accept the anti-lead case as a politi¬ 
cal if not a scientific fact, and to con¬ 
centrate on how best to phase out 
lead.” And as to that question, he 
notes, “Mobil argues that the only 
effective way to cut down on lead is 
to reduce the octane rating used by 
the motorist.” 

It is not just a matter of health. In 
Airborne Lead in Perspective the Na¬ 
tional Research Council concluded that 
airborne lead does not provide a 


An example of the investment that might 
be required to satisfy the increased re¬ 
quirements for gasoline resulting from 
lower mileage-per-gallon due to reducing 
lead and/or octane levels. In this par¬ 
ticular case, it is assumed that cars built 
during the decade are designed for 91 
research-octane-number fuel, and suffer 

serious health hazard for average 
adult city dwellers, although children 
—and adults working close to engine 
exhausts—could get enough lead in 
their blood to cause damage. The re¬ 
port emphasized that the average lead 
content in the air over major American 
cities (although 2,000 times that over 
the central Pacific) hasn’t changed 
greatly in 15 years, and that in any 
case most of the lead in the blood comes 
from food and drink. 

According to Lead Industry Associa¬ 
tion estimates, 278,500 short tons of 
lead went into gasoline anti-knock ad¬ 
ditives in 1970—-about 20 per cent of 
total lead consumption. What becomes 
of it? Could it possibly settle out of the 
air, build up in the soil and then show 
up in food and drink? Dr. Tsaihwa J. 
Chow of the Scripps Institution of 
Oceanography has found using radio¬ 
isotope tracers that gasoline appears to 
be the origin of the greatest proportion 
of airborne lead. In this connection 
Tinker points out in another article 
that “lead in piping, toys, paint, and 
pottery has been steadily restricted in 
recent decades while lead in petrol has 
doubled in one decade.” 

But it is not agreed that airborne 
lead eventually finds its way into the 
human body. An interim survey by the 
United States Public Health Service 
showed almost no correlation between 
airborne lead and lead in human blood. 

What about lead’s contribution to 
overall automobile-caused air pollution? 
If all of the lead in gasoline appears in 
the exhaust, then average particulate 
emission rates must be about 0.2 grams 
of lead per mile, or about six times the 
proposed 1975 standards for particles. 
But removing the lead may affect gas¬ 
eous emissions. When refineries do not 


a 5 per cent fuel-economy penalty; and 
that cars built after 1973 suffer a further 
5 per cent penalty due to the addition of 
emission control devices. This is one of a 
number of cases analyzed in the eco¬ 
nomics appendix to The Implications ol 
Lead Removal From Automotive Fuel (De¬ 
partment of Commerce, 71-00568.) 

add lead they must—if the octane rat¬ 
ing is to be maintained—add aromatic 
hydrocarbons. And some evidence sug¬ 
gests that octane-boosting aromatics 
increase pollution. 

The Bartlesville Petroleum Research 
Center of the U.S. Bureau of Mines 
found that exhausts from two unleaded 
fuels showed a significantly higher rate 
of smog-like chemical reactions than 
did the exhausts from two leaded fuels. 
This data corroborated research find¬ 
ings of the Ethyl Corp. (admittedly 
a major supplier of tetraethyl lead to 
refineries), relating to the concentra¬ 
tions of aromatic aldehydes in the ex¬ 
hausts of engines burning leaded and 
unleaded premium fuels. Aromatic al¬ 
dehydes belong to a group of chemicals 
that are strong eye and skin irritants 
and that may react photochemically to 
produce smog. The Ethyl Corp. report 
states that “the concentration of aro¬ 
matic aldehydes and phenols in auto¬ 
motive exhaust gas increase with the 
aromatic content of the fuel.” 

But earlier tests under slightly differ¬ 
ent conditions by the Bureau of Mines 
failed to prove one way or the other 
the higher smog potential of unleaded 
gasolines. And as recently as March 
1971 a panel on Automotive Fuels and 
Air Pollution reached the conclusion 
that there are no satisfactory data avail¬ 
able to prove that increased aromatic 
content causes more smog. 

On the other hand, leaded gasoline 
fouls catalytic reactors—the only de¬ 
vices on the horizon for reducing gase¬ 
ous pollutant emissions to the legis¬ 
lated 1975 standards. This alone 
demands that lead be phased out be¬ 
fore 1975. The Department of Com¬ 
merce Panel on Automotive Fuels and 
Air Pollution examined some strategies 
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to reach this goal. Among their findings 
and recommendations: 

□ Regulations should require the 
nation-wide availability of a low-lead 
fuel by the end of 1972 and an un¬ 
leaded 91-octane fuel by July 1, 1974. 
Price incentives should be considered, 
to guarantee that the unleaded fuel is 
cheaper to the consumer. 

□ The production cost of unleaded, 
91-octane fuel is unlikely to be more 
than 1 (“/gallon above that of leaded 
94-octane regular. 

□ However, on a per-mile basis, de¬ 
creases in fuel economy caused by low 
compression ratios and emission control 
devices will raise costs to consumers, 
increase crude oil consumption and 
necessitate much additional refinery 
construction. This extra refining plant is 
within the construction capacity of the 
industry—provided that de-leading is 
phased over a five-year period. 

So de-leading is, in a way, rather 
good business .—Michael Chiusano 

From Stanley to 
Doble to. . . 

A man named Doble built some steam 
cars back in the 1930’s, and most of 
them are still running. They’re col¬ 
lected around San Francisco, and prob¬ 
ably tended with more concern than 
most cars, but Jack Vernon, President 
of Steam Engine Systems Corporation 
(S.E.S.) cites them as proof that steam 
is workable and may power a more 
durable engine than the internal corn- 


installed; from engines that would meet 
the 1975 and 1980 standards; and from 
the Rankine-cycle external-combustion 

bustion (I.C.) engine. 

Steam, or some other vapor, is used in 
a type of external-combustion engine 
called a Rankine-cycle engine. Fuel is 
burned continuously in a boiler to 
evaporate a working fluid. The vapor 
drives a set of pistons, and returns via 
a condenser as liquid. The Environ¬ 
mental Protection Agency (E.P.A.) 
and D.O.T. are both supporting re¬ 
search in Rankine-cycle engines, the 
E.P.A. for cars and D.O.T. for busses. 
The E.P.A. contract for a Rankine en¬ 
gine using water as the working fluid— 
i.e., a steam engine—was given to 
S.E.S. 

Mr. Vernon emphasizes that there are 
no great breakthroughs in Rankine-en- 
gine technology; rather, those who are 
now building steam engines are using 
some better materials and some new in¬ 
formation—for example, about heat 
transfer—collected over the past 10 to 
15 years. The Rankine engine is now 
small enough to fit into the same space 
as an I.C. engine, thanks to the devel¬ 
opment of small boilers and small con¬ 
densers. His company is patenting a 
boiler 15 inches high and about 20 
inches in diameter; S.E.S.’s innovations 
concern the shape of the flames in the 
burner and the configuration of the 
tubing that carries the water to be 
heated. The associated condenser is 
about 50 by 20 by three and one-half 
inches—small enough to fit across the 
front of the Rambler Ambassador into 
which it will first be put. The cylinder 
head is (with a few modifications) an 
aluminum diesel V-4 already being pro¬ 
duced. 


engines being built by the Steam Engine 
Systems Corporation and the Thermo 
Electron Corporation. 

The S.E.S. drive train will be non¬ 
standard, because a steam engine can 
be driven without gears, but it will 
have a transmission with two forward 
gears and one reverse. Otherwise, Mr. 
Vernon said, the driver will notice little 
difference when he tries a Rankine- 
cycle car. S.E.S. expects its car to do 19 
miles to the gallon at 50 m.p.h., and to 
generate 130 b.h.p. at 2000 r.p.m. and 
1000 p.s.i. cylinder pressure. It will 
take 30 to 45 seconds to start up, and 
then accelerate from 0 to 60 m.p.h. in 
12.4 seconds. 

Thermo Electron Corporation 
(T.E.C.O.) has received E.P.A.’s con¬ 
tract for a Rankine engine using an 
organic fluid (trifluoroethanol). Ac¬ 
cording to Thomas Widmer, Director 
of Research, steam will corrode a car¬ 
bon-steel and cast-iron engine, and is 
incompatible with petroleum lubricants, 
whereas an organic fluid has neither 
fault. (Mr. Vernon replies that S.E.S. 
has developed a lubricant with which 
he does not expect difficulties, and 
denies that steam will corrode the 

S. E.S. stainless-steel boiler and tubing, 
provided that distilled water is used.) 

Organic fluids, unlike water, impose 
temperature limits, beyond which they 
decompose (into gases dangerous to 
life, Mr. Vernon said, but a T.E.C.O. 
representative denied that possibility at 
the I.E.E.E.’s fall Northeast Electronics 
Research and Engineering Meeting). 

T. E.C.O. has designed a boiler using a 
double-walled tube, with water in the 
outer tube to shield the trifluoroethanol 
from hot-spots. A gauge shuts the flame 
off if the fluid begins to overheat. The 
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system containing the fluid is her¬ 
metically sealed, so maintenance will 
be slight. Mr. Widmer expects the en¬ 
gine to be therefore more durable than 
an I.C.E. The vapor leaves the boiler 
at 500° F and 700 p.s.i., and is com¬ 
pressed further before it enters the cyl¬ 
inder. (Mr. Vernon counts the higher 
temperatures possible with water as an 
advantage on grounds of thermody¬ 
namic efficiency.) 

T.E.C.O.’s car, too, it is claimed, will 
feel little different from an I.C. car 
from the driver’s standpoint. As 
regards power and acceleration, 
T.E.C.O.’s goals are similar to those of 
S.E.S.’s. A definite advantage of an 
organic fluid is that it will not freeze 
in winter, but S.E.S. will provide a 
mechanism to keep its water warm, 
such as a well with a pilot light. 

The real advantage of Rankine en¬ 
gines, of course, is their low rate of 
emissions, as the chart shows. When 
fuel is burned to explode against a 
fast-moving piston in an internal com¬ 
bustion engine, the quickly changing 
temperature and pressure cause incom¬ 
plete combustion. But when combus¬ 
tion is separated from the transmission 
of power, it can be—and in these en¬ 
gines is—complete. Emissions are con¬ 
siderably less than federal laws require. 
The size of a vapor engine is no 
longer the conclusive drawback it once 
was. So the remaining question is one 
of safety: what happens in an accident 
if the boiler ruptures, or if the tank 
breaks open and its fuel is lighted by 
the boiler’s open flame? Both T.E.C.O. 
and S.E.S. will install a boiler shut-off 
mechanism; both say that only a few 
quarts of hot liquid are involved, and 
will cool quickly in the open air. 

Both companies have schedules that 
call for operating standard cars with 
their engines by the mid-70’s; mass 
production should be possible a few 
years later. 

Door-to-Door Bus 

Busses look to many—including the 
Urban Mass Transportation Adminis¬ 
tration (U.M.T.A.)—like the best way 
to get people moved around in cities 
for the next decade, although certainly 
they can be used more imaginatively 
than in the past. One way is called 
demand-responsive service, meaning 
that the bus, a small one, appears 
where and when you call for it, like a 
shared taxi. A conference at M.I.T. last 
summer described the “Dial-a-Ride” 
(D.A.R.) systems now in use and 
planned. 

The most successful one in use is part 
of Toronto’s transit system; it travels 
between homes in the suburb of Bay 
Ridges and a high-speed rail link into 
the city. Bay Ridges is a typical sub¬ 


urb of 15,000 without other public 
transit. The system is small, employing 
only four eleven-passenger busses dur¬ 
ing rush hours and one or two in off- 
hours. The fare is 254, about half of 
what the ride costs. The transit author¬ 
ity makes up the difference. The yearly 
budget is about $76,000. Most com¬ 
muters now subscribe to the service by 
the week (for a 204 fare), and half of 
the 1,100 who ride the train take the 
bus to and from it. William Howard, of 
the Government of Ontario transit of¬ 
fice, feels the line is successful, and 
Ontario plans to continue it indefi¬ 
nitely. 

U.M.T.A. will run a parallel system 
in the United States in Haddonfield, 
New Jersey. Ten busses will deliver 
riders to the Lindenwold Line, a pri¬ 
vately built and very successful high¬ 
speed railroad into Philadelphia. An 
investment of close to $2 million by 
U.M.T.A. will demonstrate D.A.R.’s 
usefulness in serving a suburban area of 
14,000 to 25,000 people for one year. 
Eight hundred and fifty passengers 
ride the Lindenwold from Haddonfield 
each day; 283 of them walk, 30 ride 
bicycles, and the rest seem fair game 
for the 754 Dial-a-Ride. 

Service will be more extensive than 
Bay Ridges’: 24 hours a day, and to 
places in the town other than the train 
station and the shopping center. In any 
Dial-a-Ride system, each vehicle’s 
route is individually planned, since it 
must take in a specific group of passen¬ 
ger-origins (if not of destinations). One 
reason the cost of the New Jersey sys¬ 
tem is greater is that the routes, al¬ 
though manually worked out at first, 
will by the end of the demonstration 
be ; devised by computer. The com¬ 
puter is one answer to a question put 
to Marcel Zobrak, from MITRE (which 
manages the project for U.M.T.A.), at 
the conference: Aren’t you reinventing 
the wheel (since the Ontario system 
works)? The $2 million will also pay 
for a number of surveys and evalua¬ 
tions. 

The initial work on computer pro¬ 
grams for D.A.R. service was done at 
M.I.T.’s Urban Systems Lab, and the 
lab was invited by the city of Roch¬ 
ester, N.Y., to help it plan a D.A.R. 
computerized system. The project has 
the support of local industry and the 
New York D.O.T.—even U.M.T.A. 
asked to be included. But then 
it was decided to fund Rochester 
only after the data is in from Haddon¬ 
field. U.M.T.A. is scheduled to pro¬ 
vide $600,000; another $313,000 will 
come from local and state sources. 

The Rochester service also is planned 
to run only for one year, as a demon¬ 
stration, although it is supposed to be 
financially self-supporting by then and 
ready to continue on its own. It will be 
an intra-city service in part of Roch¬ 


ester and a suburb known as Greece. 
Greece contains 100,000 people, in 25 
square miles, 11,400 of whom work at 
the Kodak plant. Greece also has shop¬ 
ping and recreational centers. Ed Por¬ 
ter, of the Urban Systems Lab, ex¬ 
plained that rides will cost $1.00 (754 
by subscription), and at the end of the 
year 20 busses will carry 3,000 riders a 
day. By then, revenues and costs will 
meet, at $57,000 a month. 

And Lafayette, Indiana, will have 
D.A.R. service without Federal funds 
and with a computer. As Kenneth 
Heathington, a professor of civil 
engineering at Purdue, explained, it 
will be the town’s only public trans¬ 
portation: it will not be a demonstra¬ 
tion. When the town’s bus company 
folded, a study examined 14 different 
combinations of service—both fixed- 
route and demand-responsive. A partly 
demand-responsive system seemed best. 
Seven to ten busses will serve the 20 
square mile area. Some subsidy will 
probably be needed. Midwestern as it 
is, said Dr. Heathington, Lafayette 
came around to the idea that public 
transportation was a service, like parks 
and schools, that ought to be helped 
with public funds. Since the confer¬ 
ence, six or seven other demand re¬ 
sponsive systems have started up. 

British Trains 
For Amtrak? 

The British Advanced Passenger Train, 
according to British Railways’ Direc¬ 
tor of Research Marketing, could re¬ 
vitalize U.S. rail passenger service: 
scheduled to start regular service in 
England in 1974, the A.P.T. will travel 
safely and comfortably at speeds up to 
155 m.p.h. without requiring any im¬ 
provement to the roadbeds, Mr. Paul 
Cautley told an audience at the New 
England Research and Engineering 
Meeting in Boston this fall. 

Running expenses are expected to be 
no higher than those of today’s con¬ 
ventional trains. And speedy and eco¬ 
nomical service over track intended for 
60-m.p.h. trains was only one of Mr. 
Cautley’s many selling points. 

Like the United States today, Cautley 
recalled, Britain once witnessed the 
decline of profitability and passenger 
acceptance of her rail network. But 
soon after the crown granted, in 1947, 
the charter which established British 
Railways as a government-owned cor¬ 
poration, improvement became pos¬ 
sible. Cautley cited traffic increases of 
5 per cent per year on inter-city 
(London to Glasgow, for example) 
trains; earnings on these runs bave 
gone up 10 per cent per year in recent 
years. In short, British Rail capitalized 
on the fact that in Britain, distances 
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too short for planes and too long for 
cars can best be served by high-speed 
rail service. 

And Cautley believes rail can best 
serve these distances in the U.S. as 
well. He emphasized that in planning 
the upgraded inter-city rail network, 
B.R. was most concerned with “new 
cost-effective techniques, not an instant 
solution for quick profits.” 

Cautley pointed out that Japan’s 150 
m.p.h. Tokaido Express between Osaka 
and Tokyo required track so straight 
that per mile costs exceeded $2 million. 

Thus, rather than attempting a pro¬ 
gram that would have straightened and 
re-aligned existing railbeds to the stan¬ 
dards required for 150 m.p.h. speeds 
with conventional (albeit powerful) 
trains, B.R. concluded that a radically 
improved vehicle running on conven¬ 
tional track would give lower costs. 

Typically, one A.P.T. consists of two 
electric- or turbine-powered cars of 
2000 h.p. each with eight trailer cars, 
for a full-up weight of 250 tons—about 
one-half the weight per passenger seat 
of a conventional train. A sophisticated 
wheel suspension and a servo-system 
to actively tilt the cars permit 55 per 
cent higher speeds around curves (see 
also Technology Review for April, 
1970, p. 69). Hydro-kinetic braking 
(dissipating energy by forcing fluid 
through a small nozzle) is used for 
high-speed (150-100 m.p.h.) decelera¬ 
tion, after which conventional brakes 
take over. 

The idea of using British equipment 
on unimproved U.S. track—to boost 
Washington to Boston speeds, for ex¬ 
ample, to around a 100 m.p.h. average 
—is being taken fairly seriously. Im¬ 
porting British-made rolling stock 
would be over-costly, of course, but it 
is conceivable that a major U.S. manu¬ 
facturer could obtain a license from 
British Rail .—Michael Chiusano 


ECONOMICS _ 

Beyond G.N.P.: 

In Japan. . . 

“The Japanese Government has been 
sponsoring thoughtful research into 
improved economic indicators that 
would give us a better understanding 
than the traditional G.N.P. of the 
(fualitative aspects of economic growth. 
We call the new concept ‘net national 
welfare’, or N.N.W.” Thus said Mr. 
Hiroshi Uchida, Japan’s New York 
Consul General, during the 8th An¬ 
nual Meeting of the American Institute 
of Aeronautics and Astronautics in 
Washington. 

“N.N.W. will exclude,” Mr. Uchida 
said, “those expenditures which do not 
improve the quality of life—including 


antipollution expenditures which sim¬ 
ply maintain existing quality and, of 
course, military expenditures. It will 
include, however, those expenditures 
which contribute to improved life 
quality—including the restoration of 
the environment to earlier quality 
standards.” 

Japan has recently undergone an 
about-face in its attitude towards pollu¬ 
tion, from serious neglect to serious 
attention. Mr. Uchida admitted that 
his country might well have “ten times 
the pollution problem of the United 
States"—but this situation is now being 
squarely faced. “During the next dec¬ 
ade,” said the Consul, “it is anticipated 
that 8 per cent of all new equipment 
investment in Japan will be for anti¬ 
pollution devices,” which would prob¬ 
ably be the highest such ratio any¬ 
where. Already, between 1966 and 
1970, “the ratio of antipollution invest¬ 
ment to total private investment has 
doubled, to nearly six per cent.” Mr. 
Ushida acknowledged that “sheer 
quantitative production is no longer a 
sufficient index to human progress’.” 
And he quoted Japan’s Ambassador 
Ushida: 

“Once we were a garden. But in our 
haste to catch up with the modernised 
West, we have cluttered our cities, 
scarred our countryside .... We have 
dreams of becoming a garden again.” 

. . . and the 
Netherlands 

Work rather similar in its objectives 
to the Japanese “net national welfare” 
studies is in hand at the Netherlands 
Central Bureau of Statistics. But there 
is one important difference: in the 
Dutch version, nothing is deliberately 
left out of the reckoning as being a 
“non-good”—on the contrary, the im¬ 
proved G.N.P. calculation would in¬ 
clude everything that is counted at 
present, plus a new category of vari¬ 
ables, the goods or services provided 
by nature—which are variable in that 
they tend to diminish. 

As presently defined, G.N.P. is the 
total dollar value of the goods and 
services generated by a given society 
within a given year. It is well known 
that certain types of undoubtedly use¬ 
ful activity are hard to reckon; but 
economists have ensured that, within 
its stated objectives, the present G.N.P. 
calculation is the best that can be man¬ 
aged. Besides, what is usually of in¬ 
terest is the G.N.P.’s rate of change, a 
figure in which confidence can be 
placed even if the absolute magnitude 
is debatable. 

But Dr. R. Hueting, of the Depart¬ 
ment for Health Statistics of the above- 
mentioned Hague bureau, finds one 


basic shortcoming in all this: the 
G.N.P. calculation measures the goods 
produced by man (which tend to in¬ 
crease—hence the annual rise of a few 
percent), but it makes no mention of 
the goods provided by nature, which 
range from breathable air and swim- 
mable water to insects which pollinate 
commercial crops. Unless deliberately 
conserved, these natural goods tend in 
industrial conditions to diminish. This 
diminution, when discovered, gives rise 
to a deeply felt sense of loss, but no 
clear notion of what to do about it. 

But Dr. Hueting sees no need for 
emotional outcries, or for unquantifi- 
able appeals to aesthetic sensibilities or 
ethical principles. Nature, he says, 
provides material goods, to which 
economic values can be assigned ac¬ 
cording to taste, just as they are as¬ 
signed to the works of man (however 
subtle and profound). If there is any 
difference between nature’s products 
and man’s, it is that the former tend 
to be provided to people in general 
and the latter to individual buyers— 
but there is nothing new about national 
governments making purchases on be¬ 
half of their whole electorates. 

Dr. Hueting’s team has set about cre¬ 
ating the same kind of numerical 
values for natural goods as are avail- 
ble for man-made products and ser¬ 
vices. The two can then be pulled 
together into a single system of ac¬ 
counting. Thereafter, decisions regard¬ 
ing industrial development would play 
off the gains in man-made goods 
against any consequent natural losses. 

Addressing a small but international 
conference recently organized by Har¬ 
vard’s Professor John W. Pratt on sta¬ 
tistical aspects of pollution problems, 
Dr. Hueting sketched out the proce¬ 
dure his group uses to assign economic 
values to environmental alterations. In 
practice, the project involves a great 
deal of detailed work—the “gross 
natural product,” as it might be called, 
is of a similar order of complexity to 
the G.N.P. that we know. One by one, 
the uses of natural resources must be 
economically evaluated (some values 
may be infinite); conflicts between 
uses must be identified—in the form 
either of competition for a quantita¬ 
tively limited resource, or of the loss of 
one use as a side-effect of another; and 
hence the true cost of each activity, or 
of restoring the possibility of that ac¬ 
tivity after it has been lost, can be 
worked out. 

It was remarked that although this 
Netherlands approach to environmental 
problems was not without its difficul¬ 
ties, it was at any rate a feasible, 
rational strategy, in a field charac¬ 
terized by arbitrary decisions, bootless 
mutual recrimination, and a widespread 
suspicion that the values at stake are 
not commensurable. 
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Though 9 per cent of U.S. engineering 
graduates were without job offers or 
other firm plans by the time of graduation, 
John D. Alden, Director of Manpower 
Activities for Engineers Joint Council, 
says his organization’s 1971 national 
survey (left) shows that engineering 
students “did extremely well in terms of 

EDUCATION _ 

New Engineers in 
the Job Market: OK 

The image of the unemployed engineer 
notwithstanding, John D. Alden, Di¬ 
rector of Manpower Activities for 
Engineers Joint Council, thinks engin¬ 
eers in the Class of 1971 did at least 
as well in the job market as any of 
their colleagues in other fields. 

M.I.T.’s data, within the range of 
fields in which the Institute awards 
degrees, agree: as of July 1, only 3 
per cent of all the Institute’s 1970-71 
engineering graduates had yet made 
no plans for the current year. The 
figures were higher for students in 
science (6.5 per cent), management 
(6.5 per cent), the social sciences 
(8 per cent), and architecture and 
planning (10 per cent), according to 
Robert K. Weatherall, Director of 
Placement. 

The 1971 edition of the annual col¬ 
lege placement survey conducted by 
Mr. Alden’s office shows that 9 per 
cent of engineers graduating last June 
from U.S. colleges and universities 
were without job offers or firm plans at 
the time they graduated; this is about 
double the figure for 1970. Of master’s 
and doctor’s degree recipients, 2 and 4 
per cent, respectively, were still job¬ 


finding employment” in 1970-71. By July 
1 —at least a month later than most of 
Mr. Alden's data were taken—only 7 per 
cent of M.I.T.’s 1970-71 engineering grad¬ 
uates (right) remained without future 
plans, according to Robert K. Weatherall, 
Director of Placement. But in 1969-70 
57 per cent continued for advanced 

hunting at graduation time, compared 
with 11 per cent of the bachelor’s. 

Late in the fall, the American Chem¬ 
ical Society made its own “grim” report 
on the basis of a survey of chemistry 
and chemical engineering departments. 
Unemployment among new chemistry 
graduates was 10.3 per cent in 1971, 
up from 5.1 per cent in 1970. Among 
new chemical engineers, A.C.S. said, 
an “alarming” 12.8 per cent were un¬ 
employed in 1971. Starting salaries for 
chemists were down but were modestly 
improved for chemical engineers. 

Mr. Weatherall uses the phrase “chal¬ 
lenging” to describe 1970-71 in his 
annual report, because hiring of grad¬ 
uates “was down in virtually all sectors 
of the economy.” Fewer firms—by 25 
per cent—came to interview students 
at M.I.T. during the 1970-71 year, and 
they usually had fewer jobs to offer. He 
cites the case of a large petroleum 
company which normally hires 500 new 
technical staff at the bachelor’s and 
master’s degree levels; this year the 
company was looking for 80; instead 
of over 100 doctorates it needed four. 

M.I.T.’s figures show that 7 per cent 
of the bachelor’s, 1.5 per cent of the 
master’s, and nearly 3 per cent of the 
doctorates in engineering remained 
without settled plans in July, 1971. In 
addition, Mr. Weatherall reports, a 
“disproportionate number” of June 
graduates with doctor’s degrees took 


degrees—compared with 52 per cent of 
those whose plans were known to M.I.T. 
in 1970-71. "Press reports of the im¬ 
pending decline of the engineering 
profession,” Mr. Alden writes, “must be 
regarded as highly exaggerated.” 


temporary research and fellowship ap¬ 
pointments, and a number of students 
who were scheduled to receive degrees 
from M.I.T. during the year took action 
to postpone their graduation or register 
for longer programs. 

Salaries nationwide for new engineer¬ 
ing graduates in 1971 were slightly 
higher than in 1970—an increase of 
1.7 per cent for bachelor’s and 0.2 
per cent for master’s degree holders, 
according to Mr. Alden; but doctorate 
salaries were down almost 3 per cent 
(to $1,340 per month) from tne 1970 
levels, on the average. Chemical engi¬ 
neers commanded the highest salaries, 
civil engineers the lowest. Women did 
better than men, and women engineer- 
ing graduates were “the aristocrats of 
their sex as far as salary offers were 
concerned,” Mr. Alden said, in report¬ 
ing E.J.C.’s survey results to the annual 
meeting of Engineers Council for Pro¬ 
fessional Development this fall. 

Salaries of M.I.T. engineering gradu¬ 
ates were up slightly from 1969-70: the 
salary median for bachelor’s was $875, 
up from $870; that for master’s was 
$1,050, up from $1,000. 

Doctorates were the hardest hit 
among M.I.T. graduates. As of July, 
17 of 247 leaving the Institute in June 
with Ph.D. or Sc.D. degrees were with¬ 
out jobs; in addition, a larger propor¬ 
tion than usual had taken postdoctoral 
appointments, and a larger-than-usual 
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proportion of the foreign students had 
elected to return home. In chemistry— 
perhaps the worst case, Mr. Weatherall 
said—only one of 21 June Ph.D. grad¬ 
uates had found a faculty job and none 
had a job in industry; 13 had taken 
temporary postdoctoral appointments. 
He called the situation “tragic; no 
wonder some are bitter,” he said. 

One unexplained change in M.I.T.’s 
experience was the reluctance of gradu¬ 
ating students to become active in the 
job market. “We repeatedly found our¬ 
selves having to tell students that they 
should not be shy of the job market, 
that if they formed a clear and rea¬ 
sonable idea of what they wanted, and 
went after it, employers would be in¬ 
terested in them,” Mr. Weatherall said. 

Congratulations... 

Early in November the White House 
unexpectedly called President Jerome 
B. Wiesner at M.I.T.: Would Dr. Wies- 
ner object to release of his letter to 
President Nixon of October 4? Dr. 
Wiesner, surprised by the inquiry, 
quickly gave nis consent as a matter of 
courtesy. 

It was only one of several letters 
which he has written at intervals to 
Mr. Nixon; Dr. Wiesner has the notion, 
he says, that as a citizen who 
serves as a White House adviser it is 
proper for him to express his judgments 
of matters in which he knows the 
White House is concerned. He also felt 
that—because he had in the past been 
critical of some presidential policies— 
he should say so when he approved: 

"Mr. President: 

“I wish to congratulate you on your 
recent and dramatic actions regarding 
the economy and the nation’s relations 
with China. With these steps you have 
opened up opportunities for creative 
movement where much less existed be¬ 
fore. In both the economic sphere and 
in the search for rational international 
arrangements, your courageous steps 
will be landmarks. 

“I have always believed that signifi¬ 
cant progress in political fields can only 
flow from major breaks with the status 
quo. If one tries to move forward 
slowly on any important problem, one 
small step at a time, all the persons 
and organizations with uncertainties, 
fears, or vested interests are certain to 
rally and frustrate the initiative. 

“Strong, positive moves like these will 
do much to restore the nation’s self- 
confidence and sense of dignity and 
morale. 

“Congratulations. 

“Sincerely yours, 

“Jerome B. Wiesner, 

“President 


Dr. Wiesner rejects the labyrinthine 
speculations of self-interest in which 
some political observers engaged after 
his White House correspondence was 
revealed. His letters are written simply 
because, he says, all citizens—and 
especially those who know the Presi¬ 
dent and are occasionally called into 
his counsel—have reason to apprise 
the President of their views. 

Those who tried to find a new “Nixon- 
Wiesner axis” were quickly disabused, 
too. “I remain a Democrat,” Dr. Wies¬ 
ner told Martin F. Nolan of the Boston 
Globe’s Washington Bureau. And Mr. 
Nixon’s office made the same point 
clear itself: on the same day the White 
House released the letter from Dr. 
Wiesner, it also—through Donald 
Rumsfeld, Assistant to the President— 
sent congratulations to Robert Machol, 
President of the Operations Research 
Society of America, for preparing a 
report critical of actions by A.B.M. 
opponents during the 1969 Congres¬ 
sional debate (see Technology Review 
for December, 1970, p. 68). 

Teach vs. Certify 

The trouble with university teaching 
as teaching—or at least one of the 
troubles—says Peter H. Elbow, As¬ 
sistant Professor of Literature at M.I.T., 
is that most of it is not really teaching 
at all; it is certification, the process of 
making sure that something has been 
learned, rather than the process of 
learning it. 

On the basis of experience in M.I.T.’s 
Experimental Study Group, where 
examinations, grades, and requirements 
are de-emphasized, Professor Elbow 
suggests that teaching and certifying 
should be completely separate so that 
both parties to teaching—the teacher 
and the student—can focus honestly 
on a partnership instead of an adver¬ 
sary role. 

Tne present confusion of teaching and 
certifying lead to what Professor Elbow 
believes is “an important psychological 
impediment inherent in most teaching: 
too many teachers . . . actually come 
to develop feelings of wanting to pro¬ 
tect their subject from their student.” 
Why? The teacher is, of course, deeply 
devoted to his subject; he regards as 
precious the subject matter which rep¬ 
resents wisdom he paid for dearly, says 
Professor Elbow. His natural desire “is 
to veil and protect what is precious” 
from perversion and false pressures. He 
thinks to himself, “I don’t mind en- 
gaging in the mess called teaching as 
long as it’s in other folks’ fields, but 
there’s going to be no playing and 
mucking around in my field. I speak 
about my field only to the already- 
committed, the already-worthy.” 


TEA AND DYE 


LASER 



YOU’LL 
FIND THEM 
ON PAGES 
12, 13, 14 & 15 
OF OUR 
CATALOG 

And the catalog is yours 
for the asking. Lists over 
800 capacitors, over 
1200 variations, plus 
many unusual and weird 
capacitors that we’ve 
made standard. If what 
you need isn’t there, 
we'll modify or customize 
to your specifications at 
a minimum cost. But 
check the catalog first, 
what you need may be 
there and ready for 
immediate shipment. 


condenser 

product^ 

corporation 

Box 997 

Brooksville, Florida 33512 
Phone (904) 796-3562 

TO GET YOUR CATALOG, 
JUST DROP US A LINE. 
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GEARS 


Field trips to 


Designed and 
Manufactured to Meet 

YOUR 

Production Requirements 

Custom Gears Exclusively 


DIEFENDORF 
Gear Corporation 

Belden Ave. & Sand St., Syracuse, N. Y. 13201 
(315) 422-2281 



% AFRICA 

^ ft ( MOW b» 10WM 

with people who care deeply 
and are committed to its 
preservation. 

Three-week tours into UGANDA, 
KENYA and TANZANIA 

You "see” things, but what do they mean? 
From headwaters of the Nile to the 
Indian Ocean, interpretive leaders will 
show you what to look at, how to 
"see” it, and what it means. A leisurely 
pace in uncrowded cars; animal and 
bird watching in the great national 
parks and game reserves; meetings 
with representatives in various fields. 
Finest accommodations and services. Gen¬ 
erously inclusive price (including tips) with 
round trip air from New York. $1585 

„ , . . June, July, Auiust, 

Year round departures mdsw 

For brochure, see your travel agent or write to 


I National Parks and Conservation Assoc. 

| Travel Desk, 18 East 41 St., N.Y., N.Y. 10017 
(212) 532-7075 

. Please send your East Africa brochure to 


r Celestron ft M ulti P“ r P° s e ^ 

Telescope 


Complete 

Professional 

Service 

In 


WJtUW® 

CONSTRUCTION 

alt £Rations 


hhh 

h. h. hawkins 

and sons company 

175 California St. 
Newton, Mass. 02158 
(617) 244-8111 



On display at most Planetariums and Museums 


The 80" (f /10-2000mm) focal length of this 
scope is accomplished by multiple passes within the 
short 16 M tube. 25# total weight and 9x12x24" se¬ 
cured size. Complete with fork mount and clock drive. 

/ The Schmidt-Cassegrain optical system of the 
Celestron 8 assures the sharpest 40X telephoto 
images. Distortion-free and perfect color rendition. 
Full 35mm format. 

/ For the wife — a nature telescope to study the 
frolicking of a bobolink at 150 feet or a bee pollinat¬ 
ing a flower at 30 feet. She'll be sold. 

/ For the kids — a real educational bonus. They’ll 
study the wealth of detail of the Moon, rings of 
Saturn, twirling satellites and belt structure of Jupi¬ 
ter, and the filamentary detail of a remote nebula. 

/ For the old man — study the activities in a win¬ 
dow across the way. He'll croak with delight. 

“Celestron Techniques" published quarterly. Current issue 
contains articles on Lunar, Solar, and terrestrial tele¬ 
photography and many full-color Celestron 8 shots of 
these subjects. $2.00 for 4 issues. 

Calastron 8 — price $850 — For details write to: 

jmCelestron Pacific r^.n^.'caiif.yosos m 


METALLURGY 

Tungsten, molybdenum, co¬ 
balt, special alloys — fabrica¬ 
tions. “HI-DENS” tungsten 
alloys — for counterweights 
and shielding. 


SOLID STATE SENSORS 

Semiconductor strain gages, 
integral silicon force sensors 
and temperature sensors for 
measurement and control 
applications. 


Anthony D. Kurtz, 1951 

Ronald A. Kurtz, 1954 

»^rsrw--- 


(Kulite Semiconductor Products, Inc., 
Kulite Tungsten Corporation) 

1030 Hoyt Avenue, Ridgefield, N. J. 
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Puzzle Corner 


Allan J. Gottlieb 


Assume a Solution Exists 

There has been some confusion between 
the author and the editors as to my dead¬ 
line. Since I am late with this column, 
please forgive (but please do not ap¬ 
plaud) my omitting the customary open¬ 
ing monologue. (But please note: send 
problems, solutions, and comments to 
me at the Department of Mathematics, 
University of California, Santa Cruz, 
Calif., 95060.) 

Problems 

The bridge problem for this month is by 
Allan Truscott of the New York Times by 
way of Frank Mouel, who wants to know: 
51 Can the following contract be made 
against any defense? 

A 732 
¥ 542 
♦ A 10 9 7 6 
*32 

* K64 *8 

¥ K J 76 ¥98 

♦KJ ♦8542 

* K Q J 5 * 10 98 7 6 4 

A A Q J 10 9 5 
¥ AQ 103 
♦ Q 3 



* A 



South 

West 

North 

East 

1 A 

Double 

2 ♦ 

Pass 

3 A 

Pass 

4 A 

5 * 

5 A 

Double 

Pass 

Pass 

Pass 




A geometry 

problem 

from Frank 

Rubin: 


52 A sphere is inscribed in a tetrahedron 
(not necessarily regular). From the four 
tangency points, lines are drawn to the 
three adjacent vertices. Prove that the 
three sets of angles thus formed are 
equal. 

Mark Baldwin submits the following "Car¬ 
tesian geometry” problem: 

53 Given a circle [of radius r and center 
(h.k)] and a point P [having '-nordinates 
(p.q)j, find, without using c^^julus, the 
coordinates of the point B or. the circle 
having the property that the line seg¬ 
ment PB is tangent to the circle. 

A cutie from John T. Rule, who writes, 
"For my money, the following is one of 
the most intriguing of all problems; it 
comes from none other than that master 
puzzler, Sam Lloyd:” 

54 All cows eat always at exactly the 
same rate. Four cows eat three acres of 
grass in two weeks; three cows eat three 
acres of grass in three weeks; How long 
will it take five cows to eat six acres? 

The final problem is from P. Markstein: 

55 Let F„ be the nth Fibonacci number 


(F 0 = 0. F, = 1 , F, = Fi-, + F,_ 2 ). 
Prove that F n _ 2 * = Fn-i* = Fn-n* = 
Fn+ 2 4 ■ 1 (mod F„). 

Speed Department 

R. Robinson Rowe wants to know: 

What kind of book would say that a 10 
X 10 square has area 10? 

Here is a series of geography questions 
from George A. W. Boehm (you'd better 
check your answers on a map): 

What is the northernmost state? The 
southernmost state? The westernmost 
state? The easternmost state? The first 
foreign country you come to going di¬ 
rectly south from Detroit? The largest 
city east of Reno and west of Chicago? 

Solutions 

Here are solutions to problems published 
in the July/August issue. By mistake (the 
editors'), the same numbers were also 
assigned to the problems in the October, 
1971, issue, the answers to which will 
be published next month. 


41 How did the declarer win this hand: 


* K94 
¥ 82 

♦ AQ 106 5 
A 8 6 2 

* Q 3 
¥ Q 10 

* J 8 7 2 

* K J 9 5 4 


A J 10 8 6 
¥ A 9 4 
♦ 9 43 
*◦103 


A A 7 5 2 
¥ K J 7 6 5 3 

♦ K 

* A 7 

Neither side was vulnerable. The bidding: 


North 

East 

South 

West 

Pass 

Pass 

1 club 

Pass 

2 diamonds 

Pass 

2 hearts 

Pass 

3 diamonds 

Pass 

3 N.T. 

Pass 

Pass 

Pass 




West led the *5. 

Rex Ingraham responds: There is no 
way the declarer can win nine tricks on 
this deal if the defenders play properly. 
You’re asking me to guess how they man¬ 
aged to let the declarer romp home with 
it? How about this: East plays *Q to the 
first trick; off-balance with surprise at 
winning, he thinks the declarer really 
wants him to continue the suit. South’s 
*7 is to him no promise that West can 
win more than two additional clubs; 
therefore he returns AJ in a scheme 
to set the declarer down with at least 
one spade, one heart, and three club 
tricks. Declarer wins the second trick 
with AK and returns ¥2 from dummy. 
East's hearts are under the declarer’s 
bid suit; he could hold off but decides to 
take ¥A at once in order to let West 
know both that the declarer does not 
have that valuable card but also that both 
West, whose hearts are over the de¬ 
clarer’s, must defend the suit. After that 
it doesn’t matter what East elects to re¬ 
turn. The declarer can win and cash out 
with five hearts, two spades, two di¬ 
amonds, and one club for his contract 
and an overtrick. 

Also solved by Philip D. Bell, Winslow 
H. Hartford, Mrs. Martin S. Lindenberg, 
Jeffrey A. Miller, Edwin A. Nordstrom, 
R. Robinson Rowe, and G. Steinitz. 


42 Show that for any positive integer n, 
3211+1 _|_ 2 » + 2 is divisible by 7. 

The following is from Winslow H. Hart¬ 
ford: Assume a solution exists for some 
value of n (as it does for any value you 
care to check!). Now it can be shown that 
the algorithm for n = n 4 - 1 differs by 
a multiple of 7 and hence Is divisible by 
7. For n = n + 1, the algorithm takes 
the form: 

3211 + 3 _j_ 2 n + 3 . 

The difference can be expressed by: 

(3211 + 3 3211 +1J _|_ (2n + 3 2 n + 2 ) = 

3211 + 1 (8) + 2 ,1 + 2 ( 1 ) = 

( 32 u + l + 2 »+ 2 ) + 7(320 + 1 ). 

The first term is equal to a known solu¬ 
tion, the second is a multiple of 7; there¬ 
fore the entire expression is divisible by 
7, and a solution exists for n = n + 1. 

Also solved by Robert W. Baird, Gerald 
Blum, Charles Bures, Harold Donnelly, 
Joseph S. Evans, Jo Ann S. Flaun, Rich¬ 
ard Jenney, Mrs. Martin S. Lindenberg, 
John E. Prussing, R. Robinson Rowe, 
Frank Rubin, G. Steinitz, Clark Thompson, 
Harry Zaremba, and M. Otto Zigler, VI. 

43 Two brothers owned an orange grove. 
After their oranges were picked, one 
brother divided them into 39 baskets 
and found that there were 16 oranges 
left over. The second brother then took 
all of the oranges and put them into 56 
smaller baskets, finding that there were 
now 27 oranges left over. What is the 
smallest number of oranges possible, and 
what are the next four larger numbers 
of oranges which fulfill the conditions? 

The following is from R. Robinson 
Rowe: If N is the number of oranges and 
x and y are the capacities of the larger 
and smaller baskets, respectively, the 
given data are expressed: 

N = 39x + 16 = 56y + 27, 

which is a diophantine equation in two 

unknowns, to be solved in integers. The 

general solution may be expressed in 

terms of any integer u: 

x = 29 + 56u; y = 20 + 39u; N = 1147 

+ 2184u, 

and the smallest and next four values for 
N are 1147, 3331, 5515, 7699, and 9883. 
I noted that for 1147 oranges, the smaller 
basket would hold 20, filling 56 baskets 
with 27 left over. The leftovers would 
have filled a 57th basket with 7 left over. 
Reading the problem carefully, I interpret 
it that there were only 56 baskets. But 
if this was intended for a “catch,” that 
he had plenty of baskets and could fill 
only 56, then the smallest N would have 
been 3331; for this many oranges, the 
baskets would have held 85 and 59, re¬ 
spectively—gargantuan baskets or lilli- 
putian oranges! 

Also solved by John Babbitt, Robert 
W. Baird, Charles Bures, Gerald Blum, 
Neil Cohen, Harold Donnelly, G. Evans, 
Winslow H. Hartford, Richard Jenney, 
Marc Judson, Sanford M. Libman, Mrs. 
Martin S. Lindenberg, Edwin A. Nord¬ 
strom, Frank Rubin, G. Steinitz, Clark 
Thompson, Paul G. N. de Veguar, Harry 
Zaremba, Ken Zwick, and the proposer, 
Warren Himmelberger. 

44 The letters of a saying are written in 
order on squares 1 to 32 of a checker¬ 
board with the usual numbering system. 
A certain game of checkers might then 
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be written: 



D 


31 

E 


301 

1 


29 

R 

28 


27 


26 


25 


T 


S 


1 


W 



24 


23 


22 


21 


E 


N 


E 


H 

20 


19 


18 


17 


I 


M 


O 


H 



16 


15 


14 


13 


W 


Y 


B 


T 

12 


II 


10 


9 


S 


R 


1 


F 



8 


7 


6 


5 


E 


H 


T 


T 

4 


3 


2 


1 


O 


N 


E 


B 



i. 

R 

— Y 

E 

— H 

10 . 

F- 

-O 

N 

— B 

2. 

E 

— R 

H 

— B 

11. 

S- 

-W 

E 

— T 

3. 

F 

— O 

N 

— B 

12. 

E- 

-T 

W 

— H 

4. 

1 

-H 

H 

— B 

13. 

T- 

-F 

1 - 

-N 

5. 

O 

— E 

1 - 

-N 

14. 

F- 

-0 

N 

— B 

6 . 

T 

— f 

W 

— H 

15. 

W- 

-M 

1 - 

-1 

7. 

1 - 

-H 

H 

— B 

16. 

Y- 

-O 

B 

— 1 

8 . 

B 

— T 

R 

— W 

17. 

H- 

-B 

S 

— N 

9. 

T 

— F 

E 

— 1 

18. 

O- 

-S 

D 

— H 






19. 

D- 

-H 

Drawn 


The proposer, Walter Penney, supplied 
the answer; the saying is: "Be not the 
first by whom the new is tried." His 
“moves” were: 


1. 11—15 22—17 

2. 8—11 17—14 

3. 9—18 23—14 

4. 10—17 21—14 

5. 4—8 26—23 

6 . 6—10 25—21 

7. 10—17 21—14 

8 . 1—6 29—25 

9. 6—9 31—26 


10. 9—18 23—14 

11. 12—16 24—20 

12. 2—6 25—21 

13. 6—9 26—23 

14. 9—18 23—14 

15. 16—19 30—26 

16. 15—18 14—10 

17. 7—14 27—23 

18. 18—27 32—7 

19. 3—10 Drawn 
Also solved by Mary J. Youngquist. 

45 Determine an 8 x 8 upside-down 
magic square from the 64 three-digit 
numbers made of the digits 1, 6 , 8 , and 9. 

The following is from Loren L. Dicker- 
son, Jr.: Here are two of an undetermined 
number of 8 x 8 magic squares of the 
64 three-digit numbers specified. These 
are pan-diagonal, in that all 16 diagonals 
have the same sum, 5328, as the rows and 
columns: 


111 

166 

689 

691 

818 

869 

986 

998 

919 

961 

188 

199 

616 

668 

881 

896 

868 

889 

996 

918 

161 

186 

699 

611 

666 

688 

891 

816 

969 

981 

198 

119 

181 

196 

619 

661 

888 

899 

916 

968 

989 

991 

118 

169 

686 

698 

811 

866 

898 

819 

966 

988 

191 

116 

669 

681 

696 

618 

861 

886 

999 

911 

168 

189 

616 

698 

881 

866 

919 

991 

188 

169 

818 

899 

986 

968 

111 

196 

689 

661 

969 

911 

198 

189 

666 

618 

891 

886 

161 

116 

699 

681 

868 

819 

996 

988 

686 

668 

811 

896 

989 

961 

118 

199 

888 

869 

916 

998 

181 

166 

619 

691 

999 

981 

168 

119 

696 

688 

861 

816 

191 

186 

669 

611 

898 

889 

966 

918 


Also solved by R. Robinson Rowe, 
Harry Zaremba, and the proposer, David 
DeWan. 


Better Late Than Never 

Solutions to the following problems have 


been received: 

21 C. N. Galvin 

26 E. L. Condon, C. N. Galvin, Jack Groth, 
and Robert H. Park 
34 Andrew Cahn 
36 John E. Burchard 
37, 40 Raymond Gaillard 


Books 


James Miller, William G. Denhard 


Technology and the 
Unfreedom of Man 

History and Class Consciousness, 

Studies in Marxist Dialectics 

Georg Lukacs 

Translated by Rodney Livingstone 
Cambridge, Massachusetts, The M.l.T. 
Press, 1971, 356+xlvii pp., $8.95 

Toward a Rational Society, 

Student Protest, Science, and Politics 

Jurgen Habermas 
Translated by Jeremy J. Shapiro 
Boston, Beacon Press, 1970, 132+ix pp., 
$5.95 

Knowledge and Human Interests 

Jurgen Habermas 

Translated by Jeremy J. Shapiro 

Boston, Beacon Press, 1971, 349+viii pp., 

$7.50 

Reviewed by 
James Miller 
History of Ideas 
Brandeis University 

A hitherto largely hidden current of 
European social thought is finally be¬ 
coming available to American readers. 
For decades, important investigations by 
theoreticians and philosophers of a 
broadly Marxist persuasion have led at 
best a subterranean existence in this 
country. But the recent publication of 
works by Georg Lukacs, Jurgen Haber¬ 
mas, Ernst Bloch and Theodor Adorno 
should help rectify this situation. English- 
speaking readers may now place into 
historical perspective the tradition of so¬ 
cial criticism whose best-known repre¬ 
sentative in the United States is Herbert 
Marcuse. 

This tradition is still of interest today in 
part because it elaborated a far-reaching 
critique of science and technology during 
a period when America still innocently 
upheld the gospel of scientific progress. 
During the 1920’s and 1930's, the "Frank¬ 
furt School” of Marxism, whose members 
included Max Horkheimer, Adorno, Mar¬ 
cuse, Erich Fromm and Walter Benjamin, 
advanced this critique on two fronts. On 
the one hand, the methodology of the 
natural sciences, especially as it found 
expression in positivist philosophies, was 
assailed for veiling the methodology 
proper to the social sciences. 


On the other hand, critical investigation 
into the real social role of technology 
disclosed the emergence of science and 
its technological applications as a new 
constituent element of the general ma¬ 
terial and spiritual oppression within ad¬ 
vanced industrial societies. Whereas 
Marx had believed technology to be 
“neutral,” Frankfurt's theoreticians per¬ 
ceived that whatever potential for 
liberation was embodied in man’s 
growing ability to dominate nature also 
carried with it the possibility of an in¬ 
creasingly efficient domination of man by 
man. Yet this threat of technology's 
authoritarian dominion in the service of 
a repressive ruling order was occluded 
by the ideology of technological prog¬ 
ress: the public celebration of science 
concealed the fact that key decisions 
concerning destructive and manipulative 
technical innovations were made pri¬ 
vately by a small group of men. 

Social Science: Passive or Active 

The twentieth-century Marxist and neo- 
Marxist critique of science and technol¬ 
ogy can be examined at its inception 
and in a current revision in the works of 
Luk&cs and Habermas reviewed here. 
One of Lukacs' criticisms in History and 
Class Consciousness focuses on the ef¬ 
fect that the ideology of science has on 
research in the human and cultural sci¬ 
ences. The natural scientific method of 
inquiry—which elaborates formal laws on 
the basis of observable empirical regu¬ 
larities—when applied to the cultural 
sciences transforms social theory into a 
passive investigation of “pattern-mainte¬ 
nance" and integration that takes for 
granted the given social reality. From the 
natural scientific point of view, capitalist 
society appears as an absolute and 
"natural" phenomenon, rather than the 
transient historical phenomenon it in fact 
is. As Lukacs puts it, "the methodology 
of the natural sciences . . . rejects the 
idea of contradiction and antagonism in 
its subject matter." 

Yet according to Lukacs’ Hegelian- 
Marxian standpoint, the contradictions 
of capitalism are precisely the 
aspects that point to the eventual 
abolition of capitalism in favor of a more 
humane, less abstractly rationalized so¬ 
ciety. History and Class Consciousness, 
originally published in 1923, formulated 
a radical methodology of dialectical in¬ 
quiry and social practice that served as 
the philosophical basis for the neo- 
Marxian theorizing of Adorno and Mar¬ 
cuse; it remains a seminal work. 

The latent hostility evidenced in Lukacs' 
attitude to science and technology has 
been elaborated more explicitly in Mar¬ 
cuse’s One-Dimensional Man. There tech¬ 
nology is seen as providing the "great 
rationalization of the unfreedom of man,” 
protecting rather than challenging “the 
legitimacy of domination." Jurgen Haber¬ 
mas, a pupil of Adorno’s and the most 
prominent younger member of the Frank¬ 
furt school, defines his position in oppo¬ 
sition to that of Marcuse. While Haber¬ 
mas agrees with LukScs and Marcuse on 
the ideological effect natural scientific 
modes of inquiry have on social inquiry, 
he disagrees with any implications that 
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science could be methodologically other 
than it is. Through a critical appropriation 
of C. S. Pierce’s pragmatism, he seeks 
to outline the legitimate domain of sci¬ 
entific research which is interested in 
dominating nature. In this often brilliant 
epistemological argument, Knowledge 
and Human Interests, Habermas seeks 
to found an emancipatory social science 
of man with an interest in social libera¬ 
tion (see also Habermas’ essay on "Tech¬ 
nical Progress and the Social Life- 
World,” which appears in the collection 
Toward a Rational Society). 

Here Habermas asks, "How can the 
power of technical control be brought 
within the range of the consensus of 
acting and transacting citizens?” En¬ 
lightened social action, today more than 
ever, demands rational reflection on 
technical innovation: it has become im¬ 
possible to rely on "the optimistic con¬ 
vergence of technology and democracy” 
that Habermas believes Marx accepted. 
Habermas asserts that the attainment of 
rational reflection is possible only on 
the basis of "politically effective dis¬ 
cussion”; that such discussion does not 
presently occur can in large part be 
attributed to social factors that tend both 
to bureaucratize scientific research and 
to tie its fate financially to the impera¬ 
tives of the established order. 

A Constant Becoming 

Whether it be Habermas' relatively mild 
reformist socialism or Lukdcs' apocalyp¬ 
tic communism, even the most abstract 
theorizing of neo-Marxism impinges di¬ 
rectly on the status quo. Much of its 
importance lies in the comprehension of 
what Lukdcs called the "totality," a con¬ 
cept which attempts to grasp humanity’s 
historical situation in terms of those ob¬ 
jective tendencies that would allow man 
to radically transform his given social 
conditions. Successfully carried through, 
such an attempt would articulate the im¬ 
plication of each particular aspect of the 
social whole for the reproduction of the 
human species through historical becom¬ 
ing. It is from this point of view that 
Lukdcs and his successors at Frankfurt 
have made a unique contribution to the 
critique of science and technology. For 
they see the problem of technology in 
modern society not as an isolated con¬ 
frontation of science with some nebulous 
moral conscience that would found a 
technocratic kingdom of the ethically ac¬ 
ceptable. It is, rather, one moment with¬ 
in a larger socio-economic process that, 
through political struggles and public 
self-reflection, forms the material domain 
of man’s spiritual self-realization. For 
Lukacs and Habermas, the dilemma of 
science in modern society cannot be 
left to find its solution in some laboratory. 


Motivation—The Ultimate 
Problem 

Durability and Reliability in Engineering 
Design 

Gilbert Kivenson 

Hayden Book Company, Inc., New York, 
1971, 186 + xiv pp., $9.95 


Reviewed by 
William G. Danhard 

Associate Director, C. S. Draper Labo¬ 
ratory 

Gilbert Kivenson's book goes straight 
towards its objectives—a broad discus¬ 
sion of durability and reliability which 
moves quickly from one idea or tech¬ 
nique to another. In fact, between the 
subchapter headings, index and text, 
Durability and Reliability in Engineering 
Design can be considered a glossary, or 
even an abridged encyclopedia, of terms, 
ideas and techniques useful to the 
engineer/designer who wants to achieve 
what this book expounds. The contents 
include good discussions of modes of 
failure, protection from chemical attack, 
reliability analysis, wear and life test¬ 
ing, materials and their properties, and 
joining. To these are added discussions 
on designing (including designing by 
computer), material substitution, and 
use of the computer in adaptive sys¬ 
tems. 

If anything is missing from this broad 
view of things to be considered where 
durability and reliability are involved, it is 
the listing of a next stage—a fundamental 
reference library which would include 
the various technical handbooks to which 
one might turn for more detailed informa¬ 
tion. The author’s numerous references 
are drawn primarily from periodicals and, 
as such, may or may not provide the 
added detail needed by someone with a 
problem. 

One of the most important aspects of 
reliability was relegated to the third-from- 
last page: motivation. That very aspect 
will prove to be the very same one de¬ 
termining whether any engineer or de¬ 
signer will read Kivenson's book. Does 
the designer/engineer want his product 
to be durable and reliable? Does the 
man or woman on the production line 
want the same? "It has been found by 
industrial psychologists that the ultimate 
problem is related to the motivation of 
the individual worker. Training and skill 
alone are not sufficient . . . We worry 
today, in print at least, about the de¬ 
humanization of our society, and this 
abstract issue suddenly comes to life 
when we come up against the effective¬ 
ness of the worker on the production 
line. Kivenson did not miss the point 
entirely, but it deserves a bigger play. 
Even the manufacturer's incentives— 
economic or retributive—are mentioned 
at best in a passing way near the end. 
Another viewpoint of reliability should 
also be brought out: reliable performance 
and long life may have completely dif¬ 
ferent meanings for two different classes 
of devices or equipment. The housewife 
is happy with something like ten hours 
a year from her electric mixer, and the 
average car owner seems to thrive on 
300 hours of service per year from his 
vehicle. But the manufacturers of the jet 
engines in passenger aircraft are striving 
to exceed 16,000 hours between major 
overhauls. 

Though it needs these perspectives of 
psychology and economics, Gilbert 
Kivenson’s work will certainly make a 
good addition to the library of any design 


engineering group. As a basic tooth-cut¬ 
ting indoctrination for the new designer, 
the book would be a good reading as¬ 
signment for the boss to lay on; and it 
also has a few ideas for the old hand. 
After that, the whole design department 
needs a good lecture from the marketing 
department. 


PHASE I CAPITAL 
IS OUR BUSINESS 

META-VENTURES Inc. 

Box 1756 Poughkeepsie, N.Y. 12601 


“We know enough now to 
recognize the possibility 
of man-made climatic 
change.... Recent 
results, for example, 
concern the delicate 
balance of the processes 
which maintain the arctic 
sea ice.... A small change 
in air temperature or in 
solar radiation could bring 
... a climatic change of 
great significance to 
human life.” 

Technology Review is proud to offer 
its readers the summary report on 
“Man's Impact on Climate," the 1971 
M.l.T. summer study, as a bonus 
supplement to this issue. Use the 
coupon: 


Enclosed is 50<* (or 48<1 in stamps); 
send me the summary of “Man's Impact 
on Climate." 


Name 


Address 


Mail to Technology Review, Room 
El9-430, M.l.T., Cambridge, Mass. 02139 
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Graduate Financial Aid: 

Can We Keep Enrollment Up? 

The problem is simple. One of the most 
important sources of financial aid for 
graduate students, federal fellowships 
and traineeships, is being deliberately 
curtailed in a change in government 
policy. M.l.T. graduate students held 745 
federally-funded Fellowships in 1969-70 
and 764 of them in 1970-71. But this 
year there are only about 630, and soon 
there will be very few indeed. 

There was a very real danger, says 
Irwin W. Sizer, Dean of the Graduate 
School, that M.I.T.’s graduate enrollment 
might have dropped this year by exactly 
the number of federal fellowships and 
traineeships that went away. Other pri¬ 
vate universities, finding themselves in 
the same situation, did indeed find their 
graduate enrollments falling. While the 
total of U.S. graduate students has in¬ 
creased 2.8 per cent from last year, 
private universities are down 4.8 per cent 
and public universities—where tuition is 
subsidized and expenses are therefore 
much lower—are up 6.1 per cent. 

M.l.T. was lucky; graduate enrollment 
for 1971-72 is down—but only 1.4 per 
cent (from 3,296 to 3,250). 

New Resources, Traditional Excellence 

The most important reason for so small a 
change is that the Institute, convinced of 
the ultimate importance of high-quality 
graduate education, appropriated $552,- 
600 in emergency funds to replace 90 of 
the disappearing fellowships. But Dean 
Sizer emphasizes another important fac¬ 
tor—the continued and Increasing ex¬ 
cellence of M.I.T.'s graduate school, 
particularly as demonstrated in last year’s 
American Council on Education survey 
(see Technology Review for March, 1971, 
pp. 66-67). The 6,000 academic scholars 
responding to the survey placed M.I.T.’s 
graduate programs first in the nation in 
six out of 18 fields. 

The emergency fellowships provided at 
M.l.T. came from the Sloan Basic Re¬ 
search Fund, which is intended as “seed 
money for research in science and en¬ 
gineering.” The effect of diverting part 
of it to graduate fellowship support might 
typically be to force a professor to post¬ 
pone the purchase of a new piece of 
equipment. Dean Sizer intends to apply 
to the M.l.T. administration for a renewal 


of the Sloan money, but "it is not yet 
clear that it will be granted." 

In an effort further to compensate for 
the loss in federal funding, the Graduate 
School last spring asked faculty en¬ 
gaged in sponsored research to try to 
find support for more graduate research 
assistants through research grants. “They 
did the best they could on short notice," 
Dean Sizer reported "but so far there is 
no significant change.” 

Other changes in graduate student sup¬ 
port have included increases (from four 
to eight) in Ford Minority Fellowships and 
in special tuition awards from Institute 
funds to minority students. But in special 
support for minority students, Dean Sizer 
says, “we have just about reached the 
end of our financial rope." 

With its financial aid thus concentrating 
in the hands of the very poor, M.l.T. 
faces the spectre of dichotomy: becom¬ 
ing the school of the very rich and the 
very poor, while those in between are 
forced to go elsewhere. No one wants 
that result. 

Another group in jeopardy are the for¬ 
eign graduate students, 28 per cent of 
the graduate enrollment. Always ineli¬ 
gible for federal fellowships, they have 
traditionally been supported by other 
means. But now that everyone is scram¬ 
bling for what had previously been theirs, 
they cannot help but lose. A foreign 
student is typically at a disadvantage, 
furthermore, in applying for a research 
assistantship because he is usually less 
familiar with sophisticated laboratory 
techniques and American hardware than 
is his domestic counterpart. 

“Move Heaven and Earth” 

Dean Sizer says that M.l.T. "will move 
heaven and earth” to keep from drasti¬ 
cally altering the spectrum of students 
in its Graduate School, and he relies on 
research assistantships as the best 
means for achieving this goal. This does 
not mean a change in the number of 
teaching assistantships for they are "an 
important part of our teaching program," 
says Dean Sizer. But teaching assistants 
are paid from the same budget as are 
faculty members, and “you can’t fire a 
professor to hire two graduate assist¬ 
ants.” 

But will the money become available to 
increase the number of research assist¬ 
ants? Dean Sizer believes that it will, but 


he is not sure by exactly how much. In the 
first place, although research funds seem 
to be declining nationally, M.l.T. is "get¬ 
ting into exciting new areas that attract 
federal money and has made a very def¬ 
inite effort to bring in new money to re¬ 
place cancelled projects. The net result," 
says Dean Sizer, "is more research dol¬ 
lars on campus at M.l.T.” 

Large portions of M.I.T.'s research have 
always been done by graduate students, 
but not all of it has been charged to the 
funding agencies. When the agencies are 
made to fully support the research stu¬ 
dent, project budgets will be more realis¬ 
tic—and higher. And university research 
will be more costly to these agencies. 

But the agencies may be willing to 
pay the higher price. Both William D. 
McElroy, former Director of the National 
Science Foundation, and Edward E. 
David, Jr., Sc.D. '50, Science Adviser 
to President Nixon, have said they be¬ 
lieve a proper way to support graduate 
students is through research grants. The 
government likes the idea because grad¬ 
uate students will be working on re¬ 
search projects directed toward goals 
the government has chosen. 

Will all these efforts do the job, or 
shall M.l.T. begin to think of a sharply 
reduced effort in graduate education? 
Sizer's enthusiasm falters: “I'm pessimis¬ 
tic, frankly—even though we can cer¬ 
tainly keep the quality high, our enroll¬ 
ment may very well go down." 

Creative Renewal by an 
Undergraduate Academic Office 

A year has now passed since the Com¬ 
mission on M.l.T. Education released its 
preliminary report, "Creative Renewal in 
a Time of Crisis.” Though it promised 
a final report (see Technology Review 
tor January, 1971, pp. 89-97), the Com¬ 
mission in fact disbanded without pub¬ 
lishing anything further. 

At least as far as the Commission's 
proposals on undergraduate education 
are concerned, that task of specific defi¬ 
nition has now fallen to a high-level 
faculty task force headed by Hartley 
Rogers, Jr., Professor of Mathematics 
who is now Chairman of the Faculty. The 
task force picked up the major recom¬ 
mendations and translated them into con¬ 
crete proposals—in its own form of cre¬ 
ative renewal. 
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After months of work, the task force 
presented its report of the December 
faculty meeting but no immediate action 
on the proposals was expected. The na¬ 
ture of the proposals themselves was 
common knowledge as early as Septem¬ 
ber, for the task force saw no need for 
the kind of secrecy which prevailed prior 
to publication of the Commission's report. 

There will be three proposals in the 
Rogers report: 

□ Especially in the undergraduate pro¬ 
grams, M.l.T. should place more central 
emphasis on contact between students 
and faculty members, both individually 
and in small groups. 

□ M.l.T. should establish an Office of 
Undergraduate Academic Programs, 
headed by a Dean of Undergraduate 
Academic Programs. Here would be 
focussed the responsibility of the faculty 
as a whole for the general education of 
undergraduates; it would provide a con¬ 
tinuing intellectual focus on questions 
pertaining to undergraduate programs 
and an administrative continuity which 
is now seen as lacking. 

□ M.l.T. should establish a Division for 
Educational Research to draw together, 
support, and coordinate its developing 
capabilities in the area of educational 
research. 

As a part of its first recommendation, 
the task force will propose that under¬ 
graduates be allowed to spend up to 
25 per cent of their time in any semester 
working “in a non-standard context" with 
faculty members—a seminar, laboratory, 
or any other form the student and the 
professor find “real and important to 
them both.” Professor Rogers has cited 
the Undergraduate Research Opportuni¬ 
ties Program as providing “admirable 
illumination as to what can be accom¬ 
plished.” 

This “seminar-research experience” 
might also, where appropriate, serve as a 
vehicle for writing off certain kinds of 
general institute requirements such as 
the laboratory requirement. It would be 
administered by the Dean of Under¬ 
graduate Academic Programs. 

The other activities of the new Dean 
and his staff would be working with 
several standing committees of the fac¬ 
ulty to coordinate and communicate in¬ 
novation in undergraduate education; 
providing administrative and intellectual 
help to the faculty in meeting its re¬ 
sponsibility to approve, support, initiate, 
modify, and adopt experimental under¬ 
graduate programs; helping the faculty 
exercise its responsibility to accept, ap¬ 
prove, and initiate alternative forms of 
general institute requirements; maintain¬ 
ing an "overview” of M.I.T.’s academic 
programs and serving as a source of 
information on them; and providing an 
input to the promotion and tenure pro¬ 
cess, especially on the basis of con¬ 
tributions to the educational program in 
extradepartmental areas. 

Professor Rogers sees the Dean of 
Undergraduate Academic Programs as 
"providing a kind of senior management” 
in the area of undergraduate educa¬ 
tion; he feels that if the Dean is to 
succeed, he must be a person "of major 
ability.” 

The Division for Educational Research 


would conduct research and develop¬ 
ment in the fields of curricula, learning 
research and cognitive studies, and con¬ 
tinuing education. It would have its own 
faculty (but mostly on joint appointments) 
and its own students (initially graduate 
students only) and would serve as a 
“framework for mounting interdisciplinary 
efforts in educational research.” It would 
be a division, not a school, because in¬ 
stead of being a collection of permanent 
departments, “it would have subdivisions 
varying in form with time.” 

In its style and form, the Rogers task 
force stands in sharp contrast with the 
Commission. "Significantly,” wrote The 
Tech Editor Robert Fourer, 72, "the 
Rogers Task Force is a return to the 
elite committee method of education re¬ 
formation. Its six members include one 
Commission member (Professor Sheila E. 
Widnall, '60, of Aeronautics and Astro¬ 
nautics), one Department Chairman (Pro¬ 
fessor Frank Press, of Earth and Plan¬ 
etary Science), one Assistant Department 
Chairman (Professor Anthony P. French, 
of Physics), one Dean (Benson R. Snyder, 
Dean for Institute Relations), and one 
senior faculty member (Professor Robert 
G. Gallager, of Electrical Engineering). 
There are no students; a student advisory 
group was formed, but at its last meeting 
only one member showed." 

Old Beer and Wine, and the 
History of Technology, etc. _ 

A catalog the size of a 24-page tabloid 
newspaper is used to announce depart¬ 
ments', laboratories', and miscellaneous 
plans for January, 1972—the second des¬ 
ignated Independent Activities Period in 
the history of M.l.T. 

Participation in the month-long be- 
tween-the-terms action is optional. For 
some students, it will be a chance to 
accelerate programs by receiving aca¬ 
demic credit for one-month intensive 
courses; for some, a chance to make 
up courses that didn’t quite work out 
in the past; for some, a chance to ex¬ 
plore new ideas for which the regular 
academic terms are simply too crowded; 
and for some, a chance to goof off more 
or less constructively. And for perhaps 
30 per cent of M.I.T.’s students it will 
be a four-week ski or Bahamas weekend. 

Here are some of the intriguing (both 
serious and not so serious) alternatives 
paraphased from announcements in the 
preliminary list of I.A.P. activities pub¬ 
lished in tabloid format late in November: 

□ Computer programming for people who 
are afraid of machines—the basics of 
computer use with the goal of getting 
the participant to be able to do some¬ 
thing with computers in his or her own 
field. 

□ Business opportunities in marine re¬ 
sources—a mini-course given by eight 
members of the faculty in the Sloan 
School of Management and Department 
of Ocean Engineering. 

□ Radio writing-acting workshop—stu¬ 
dios, tapes, splicing facilities, sound ef¬ 
fects, music and engineering talent will 
be supplied by WTBS; the missing ele¬ 
ments are actors and writers. 

□ Coffee house: The Pot Luck Coffee¬ 
house will run more often than usual, 


with free entertainment. Entertainers 
needed. 

□ Materials technology developments in 
aircraft construction, a field trip to visit 
companies concentrating on develop¬ 
ments in composite materials technology. 

□ Air traffic control—field measurements 
for a simulation study of airport opera¬ 
tions. 

□ Application of air cushion vehicles to 
the transportation of crude oil from the 
North Slope oil fields of Alaska—a study 
group. 

□ Gourmet cooking, dependent on find¬ 
ing a kitchen (noncredit, by the Depart¬ 
ment of Architecture). 

□ Increasing street traffic capacity—a 
seminar to propose various means of 
upgrading a major urban arterial to post¬ 
pone building a parallel expressway for 
as long as possible. 

□ Construction projects, in which civil 
engineering students will be attached to 
project management teams on Boston- 
area construction projects. 

□ Soviet Union study tours: spend three 
weeks in Moscow and Leningrad, speak¬ 
ing Russian only or speaking English. 

□ German House: live in the Phi Gam 
house, speaking only German for three 
weeks. 

□ Comparative racial history: spend two 
weeks at the Center for Multi-Racial 
Studies in Barbados. 

□ Computer animation workshop—learn 
a computer animation language and work 
on computer-generated movies. 

□ Automobile bumpers—a research 
group to answer the question, Do pro¬ 
posed low-speed bumper specifications 
result in decreased crash protection at 
high speeds? 

□ Desert island physics: deriving the 
quantum mechanical properties of 
atomic, nuclear, and other systems from 
first principles without resort to props. 

□ Colonial New England beers and 
wines: an introduction to an experimental 
methodology used in studying the history 
of technology. 

□ The Great M.l.T. Boat Race, a study 
of how much power must be expended 
in driving a ship through the water. 

Not How—But What To Build 

Engineering used to be simple: the 
question was only to achieve what 
science makes it possible for man to do. 

Now engineering must be more sophis¬ 
ticated: it must comprehend not only 
what science makes possible but what 
people really need, says Alfred A. H. 
Keil, Dean of M.I.T.'s School of Engineer¬ 
ing. Indeed, Dean Keil told members of 
the M.l.T. Club of Boston this fall, en¬ 
gineers now have two new obligations in 
addition to the traditional requirement 
for effectively applying scientific princi¬ 
ples and industrial experience: 

□ Engineers must now satisfy them¬ 
selves that their work responds to the 
real needs of society, not that it fulfills 
all the complexity that science makes 
possible. 

□ Engineers must not only foresee the 
consequences of their work but adjust 
their solutions so that future results may 
better fulfill future social need. 

The engineer’s trap, said Dean Keil, is 
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His overflow audience, said Paul Tish- 
man, '24, was a "flat contradiction" of 
the idea that engineers are unaware of 
the creative arts. He was speaking to 
over 900 alumni and guests at the 

to be so fascinated with ideas and dis¬ 
ciplines that he sees only the challenge 
to do what science renders possible in¬ 
stead of what people need. 

For education, said Dean Keil (who 
took over leadership of the School of 
Engineering at M.l.T. just six months 
previously), this means diversification. 
Students must, of course, continue to 
learn science, basic engineering, and 
industrial science—what it takes to build 
things. Now they must also understand 
the social, economic, and public institu¬ 
tions through which their work will be 
used. 

And schools of engineering have yet 
another opportunity, too: to help students 
in other fields understand how engineers 
can in fact best meet social needs, so 
that they as citizens can in turn help 
technology realize its new destiny. 

New Evidence and New Means 
for Joining Science and Art _ 

A renewed effort to integrate the sci¬ 
ences and the creative arts at M.l.T. was 
announced at the Metropolitan Museum 
of Art in New York on November 4, when 
over 900 alumni and guests attended a 
reception for which the entire Museum 
was opened for private viewing for the 
M.l.T. Alumni Center of New York. 

In a formal presentation during the four- 
hour reception, Paul Tishman, ’24, who 



Metropolitan Museum of Art in New 
York for a reception and buffet marking 
the inauguration of M.I.T.’s new Council 
on the Arts. 


was Honorary Chairman of the committee 
for the evening, announced the formation 
of a new Council on the Arts at M.l.T. 
and the appointment of Roy Lamson, 
Class of 1922 Professor of Literature, to 
be Special Assistant to the President of 
M.l.T. for the Council. He called the 
Council “a break-through in the educa¬ 
tion of the scientist and engineer to art" 
and the overflow audience at the re¬ 
ception “a flat contradiction of the idea 
that scientists and engineers are unin¬ 
terested and unaware of the relevance of 
the creative arts.” 

Calling attention to M.I.T.'s present 
“outstanding" activities in the creative 
arts, including graphic arts, photography, 
drama, literature, and music, Dr. Wies- 
ner said he envisioned that the Council 
would help the Institute achieve "a sub¬ 
stantial and coherent group of programs 
growing out of these present strengths." 
He takes encouragement, he said, from 
the increasing public concern for the 
quality of life, and he hopes that the ex¬ 
pressive, appreciative, and creative skills 
of the artist can increasingly take their 
place at the Institute beside the dominant 
deductive skills of the engineer. 

Mr. Tishman, who will be Chairman of 
the new Council on the Arts, described 
himself as “one who is passionately de¬ 
voted to the credo that there must be a 
marriage of art and science." Modern 
technological developments, he said, 


"lead us more and more toward the 
arts, seeking the beauty and insight that 
can fill our world with meaning." 

Thomas Hoving, Director of the Metro¬ 
politan, agreed; technology and art will 
each have deeper perceptions, he said, 
for one's ability to see the other. 

Among those who will serve with Mr. 
Tishman on the new Council are Mrs. Ida 
Rubin, Mrs. Julius A. Stratton, and 
Angus N. MacDonald, '46—all of whom, 
said Dr. Wiesner, have been principals 
in the efforts at M.l.T. to stimulate the 
interaction of technology and art which 
have now led to forming the new Council. 

C.A.E.S.: The First 300 


More than 100 engineers, working at 
their own speed in their own home com¬ 
munities, have now completed self-study 
courses prepared by the Center for Ad¬ 
vanced Engineering Study at M.l.T., and 
at least 200 more are now enrolled. 

C.A.E.S. has completed and is now of¬ 
fering to students four core "refresher" 
courses in mathematics—Calculus I and 
II, Probability, and Random Processes. 
The first part of a four-part course in 
Colloid and Surface Chemistry with lec¬ 
tures by J. Th. G. Overbeek, Professor 
of Physical Chemistry at the University 
of Utrecht, is now in use, and the second 
section is in preparation. 

Those who have finished their courses 
are almost unanimous in agreeing that 
the work has been “a worthwhile ex¬ 
perience in terms of the time and effort 
it took," and few wished for academic 
credit—which is not available for 
C.A.E.S. courses because of M.l.T. fac¬ 
ulty requirements regarding faculty- 
student contact. 

A C.A.E.S. self-study course consists of 
a series of lectures on film or videotape 
with accompanying photographs of the 
lecturer’s blackboard made at the end of 
each lecture, a study guide to indicate 
assignments and supplementary readings 
and to present problems related to the 
lectures, and a textbook to be used just 
as any student in a conventional college 
course uses one. Most of the students 
who answered questionnaires after fin¬ 
ishing C.A.E.S. courses last year said 
these materials were at least adequate, 
and many were more enthusiastic; no 
local tutor or instructor Is needed, they 
said. 

But some were critical, especially of 
the texts; and John T. Fitch, '52, Manager 
of Self-Study Subject Development at 
C.A.E.S., reporting these first results to 
the New England Research and Engi¬ 
neering Meeting this fall, suggested that 
C.A.E.S. students may be more percep¬ 
tive in their view of textbooks than col¬ 
lege-age students. Among the comments: 
". . . some of the message was lost In 
the rigor employed to put the subject 
across." "I thought the text was much 
too formal and stilted. I considered it 
very poor...” 

Though they are arranged for self-paced 
study, most C.A.E.S. courses are given 
through company programs. Two experi¬ 
ments this year seek to change that 
pattern: M.l.T. alumni in the New York 
City area are studying Calculus Revisited 
in weekly sessions at the M.l.T. Alumni 
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Center of New York, and the same pro¬ 
gram will be offered on WGBX (Channel 
44) in Boston beginning on January 5, 
1972. In this case, lectures by Herbert I. 
Gross, Senior Lecturer in Civil Engineer¬ 
ing at will be broadcast twice 

weekly in the afternoon and repeated in 
the evening, and in the afternoons view¬ 
ers will be able to telephone questions to 
Mr. Gross; those who wish to pursue the 
course pay $75 for study guides, supple¬ 
mentary notes, photographs, and the 
privilege of taking a final examination 
for a certificate of completion in June, 
1972. 

After 4,300 Successful Matches 

Evelyn B. Yates, known for 30 years as 
a friend in time of greatest need by 
thousands of M.l.T. alumni, has retired 
from duties as M.I.T.’s Alumni Place¬ 
ment Officer. 

In 20 years since the Korean War, 
more than 160,000 positions were listed 
with the Alumni Placement Office and 
some 23,000 M.l.T. graduates registered 
for employment with the Office. Out of 
this heterogeneous mixture, Mrs. Yates 
succeeded in making nearly 4,300 
matches. 

Throughout this period, the character 
and volume of her mail accurately re¬ 
flected the supply-and-demand situation 
for scientists and engineers. In periods 
of recession, such as the early 1950's 
and now, the number of jobs available 
fell and the number of job applicants 
rose; in the mid-1960's the number of 
vacant positions recorded with the 
Alumni Placement Office was high and 
the number of alumni applicants lower. 
Wishing for a mechanism to dampen 
the cycle must have been perennial. 

Mrs. Yates first came to M.l.T. in 
1942 as assistant to the late Nathaniel 
McL. Sage (’13), who was then in charge 
of placement as Director of the Division 
of Industrial Cooperation. Almost con¬ 
tinuously since then, alumni placement 
activities have been her principal interest. 
Many industrial personnel officers have 
paid tribute to her activities, including 
one who recently wrote, “Among the 
many excellent college placement offices 
throughout the country, I have always 
found yours to be the most helpful and 
effective." 

Following Mrs. Yates’ retirement, alumni 
placement work—a part of the M.l.T. 
Office of Career Planning and Placement 
—is being coordinated by Miss Kathleen 
A. Gallery, Miss Linda Stantial, and Jay 
W. Hammerness; Miss Gallery has been 
serving as Assistant Alumni Placement 
Officer. Robert K. Weatherall is Director 
of the Office. 

Harbison Teaching Award _ 

John G. King, ’50, Professor of Physics 
at M.l.T., is one of ten winners of 1971 
E. Harris Harbison Awards for Gifted 
Teaching given by the Danforth Founda¬ 
tion of St. Louis, Mo. The awards, de¬ 
signed to honor “articulate, passionate 
teachers . . . with an (outstanding) ability 
to impart enthusiasm and to teach the 
very essence of their subjects . . .,” carry 
$10,000 tax-free grants to be used by 



An alumnus has written, "I would like 
to express special thanks to Mrs. Evelyn 
Yates and her Alumni Placement Bureau 
lor the excellent job she is doing.” 
Nothing unusual; indeed, during 20 years 
of her management of the Alumni 
Placement Oifice since the Korean War 
nearly 4,300 alumni found new jobs 
through activities managed by Mrs. 

Evelyn B. Yates, who retired on October 
30. (Photo: Margaret Foote) 

each winner at his discretion in further¬ 
ance of his academic career; they are 
among the most prestigious given in the 
U.S. for university-level teaching. 

Dr. King is identified with M.I.T.’s con¬ 
cepts of "concentrated study” and the 
plan for “corridor laboratories”—displays 
with which students can perform simple 
experiments when more elaborate, formal 
laboratory facilities are closed. 

Pursuing his ideas for concentrated 
study, Dr. King has conducted a number 
of classes on an intensive basis—full¬ 
time study of a single subject for a short 
period of time, in contrast to the con¬ 
ventional classes in a subject scheduled 
throughout an academic term. His pur¬ 
pose, he says in a report published by 
M.I.T.'s Education Research Center, is to 
give students “a long enough continuous 
period for them to become immersed in 
the subject to a far greater degree than 
is usual,” and also to eliminate “the 
common experience of haste, of 'not 
having enough time' and of continual 
grappling with schedules.” 

Dr. King joined the M.l.T. faculty two 
years after receiving his Ph.D. in physics 
here, and he has been Professor of 
Physics since 1965. In addition to the 
Harbison Award, he held the Millikan 
Lecture Award (1965) and a Sloan Teach¬ 
ing Award (1961), and in 1961 he won an 
apparatus design award of the American 
Association of Physics Teachers (1961). 
William Arrowsmith, formerly Visiting 
Professor at M.l.T. who is now Univer¬ 
sity Professor at Boston University, also 
won a 1971 Harbison Award. 

Institute Professor 


Edwin R. Gilliland, Sc.D.’33, Warren K. 
Lewis Professor of Chemical Engineer¬ 
ing, has been named to the distinguished 
rank of Institute Professor. President 
Jerome B. Wiesner, announcing the new 
appointment, recalled Dr. Gilliland's ser- 



"The chief obstacle in the way of wider 
ranging reform and innovation in teach¬ 
ing is the schedule arrangement based 
on units of one hour,” says John G. 

King, Professor of Physics at M.l.T. 

Dr. King (right) poses above with 
Merrimon Cuninggim, President of the 
Danforth Foundation, during ceremonies 
at which he received Danforth’s $10,000 
Harbison Award lor Gifted Teaching. 


vice as Head of the Department from 
1961 to 1969, Director of the Undergrad¬ 
uate Seminars Program since its incep¬ 
tion, and Deputy Dean of the School of 
Engineering in 1945-46; and his signifi¬ 
cant contributions through research on 
the fractional distillation of petroleum, the 
production of synthetic rubber, and water 
purification processes. 

Dr. Gilliland came to M.l.T. in 1931 to 
work on his doctorate following gradu¬ 
ation from the University of Illinois (B. S. 
1930) and the Pennsylvania State Uni¬ 
versity (M. S. 1931). He was appointed 
to the faculty in 1936 after service as a 
research fellow and instructor. Dr. Gilli¬ 
land has been a member of the Presi¬ 
dent’s Science Advisory Committee, holds 
the Walker and Lewis Awards of the 
American Institute of Chemical Engi¬ 
neers, and is a member of both the 
National Academies of Science and of 
Engineering. 

Dreyfus Professor _ 

George H. Buchi, a distinguished or¬ 
ganic chemist who has been a member 
of the M.l.T. faculty since 1951, has 
been named Camille Dreyfus Professor 
of Chemistry; he will continue under the 
new appointment teaching and research 
in the synthesis and structure of natural 
products—including terpenes, alkaloids, 
and toxins. 

Professor Buchi came to the Institute 
from the University of Chicago following 
study in chemical engineering at the 
Eidgenossische Technische Hochschule 
in Zurich. He has held visiting appoint¬ 
ments at several institutions, is a mem¬ 
ber of the National Academy of Sciences 
and a fellow of the American Academy 
of Arts and Sciences and of the British 
Chemical Society, and holds the Ruzicka 
Prize (1957) of the Swiss Chemical So¬ 
ciety and the Fritzsche Award (1958) 
of the American Chemical Society. 
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Tennis had a very special day at M.l.T. 
on November 5, when Jasper B. Carr, 
’16, brought members of his family 
and of his class as well as four tennis 
“greats" to the Institute for the dedica¬ 
tion of the indoor tennis courts which 
he made possible for the Institute. There 


Tennis, Anyone? 


Tennis was invented in England in 1873, 
and for two-thirds of the 97 years since 
then it has been the favorite sport of 
Jasper B. Carr, '16. As an undergraduate 
he was a member of the tennis team and 
a Vice President of the M.l.T. Tennis 
Association. Fifty-five years later—near¬ 
ing 80 and still asking, “Tennis, anyone?" 
—he returned to M.l.T. late this fall to 
play in the inaugural tennis match in the 
new J. B. Carr Indoor Tennis Center. 

But the word for the day, said 
Jerome B. Wiesner, President of the In¬ 
stitute, was really, “Tennis, everyone!” 
Five years ago a survey revealed that 
M.l.T. was “hopelessly at the bottom” 
among New England colleges in its tennis 
facilities. With Mr. Carr's gift of the four- 
court Indoor Tennis Center and two ad¬ 
ditional outdoor courts, the Institute's 
tennis capacity has increased 50 per 
cent and M.l.T. has been catapulted into 
Harvard’s league in terms of tennis facil¬ 
ities per thousand students. 

The dedication on November 5 brought 
four of America's leading tennis players 
to the Institute—Straight Clark, Mitchell 
Gornto, E. Victor Seixas, Jr., and James 
Shakespeare. Vic Seixas teamed with 
Mr. Carr for the inaugural match against 
David B. Carr and Mitch Gornto; David 
Carr had joined with his father to make 
possible the new Center. Later the pro¬ 
fessionals staged singles and doubles 
exhibitions, showing some of the most 
spectacular tennis ever seen at M.l.T. 
(Fire regulations unfortunately limited 
the exhibition audience to a number of 
Mr. Carr’s classmates and family friends, 
members of the M.l.T. tennis team, and 
Institute dignitaries.) 

At the end of the day Mr. Carr received 
what he never got as an undergraduate, 
despite an active career in M.l.T. ath¬ 
letics: his M.l.T. letter “T” in tennis from 
Gregory P. Withers 72, team Captain. 


were formalities with Vic Seixas, Mr. 
Carr, and Howard VJ. Johnson, Chairman 
of the Corporation (left to right, above), 
and then Mr. Carr himself tried the new 
courts in the inaugural match (right). 
(Photos: Sheldon Lowenthal, '74, and 
Margaret Foote) 


Underwood-Prescott Award _ 

Seventy-five years—almost to the day— 
after Samuel C. Prescott (’94) of the 
M.l.T. Department of Biology and William 
L. Underwood of the William Underwood 
Co. presented to M.I.T.’s Society of Arts 
findings from their joint research leading 
to new standards of safety in food can¬ 
ning, the award which honors them was 
given at the Institute to Louis Rey, head 
of Corporate Research and Development 
for Nestle Alimentana, S.A., Vivey, Switz¬ 
erland. 

The presentation was made on the oc¬ 
casion of the annual Underwood-Prescott 
luncheon, at which Dr. Rey received his 
award and honorarium, followed by a 
symposium on recent and prospective 
food science developments in which Dr. 
Rey, Arthur E. Humphrey, S.M.’60, Head 
of the Department of Chemical Engineer¬ 
ing at the University of Pennsylvania, and 
Bruce A. Drew, Research Associate in 
Applied Mathematics for the Pillsbury 
Co., were speakers. 

George A. Seybolt, President of William 
Underwood Co., said the award provided 
by the Company to a recipient designated 
by an M.l.T. faculty committee seeks to 
recognize new contributions to critical 
subjects in food supply and processing 
fulfilling the social responsibilities of food 
scientists in improving the quality of life 
worldwide. 

Dr. Rey, formerly a member of the fac¬ 
ulty at the University of Dijon, France, 
is internationally recognized for his early 
work in food freezing, freeze drying, 
and related uses of cryogenics in the 
food industry. He has also been respons¬ 
ible for cooperative research between 
the Nestle Co. and the various petroleum 
companies on single-cell protein foods. 

Harvard-M.l.T. Computer_ 


Ever since October 22, computer jobs 



submitted for batch processing at the 
Harvard Computation Center have been 
run on a computer at M.l.T. The two 
schools have invested in a new computer 
system which is expected to save each 
about $500,000 per year. 

The heart of the system, according to 
Robert H. Scott, ’64, Director of the M.l.T. 
Information Processing Center, is an 
I.B.M. System 370/155 at M.l.T. which 
serves eight remote entry points around 
the two campuses. It also processes jobs 
which are handled through a System 
370/145 at the Harvard Computation Cen¬ 
ter. (The 370/145 also serves the Cam¬ 
bridge Electron Accelerator.) The two 
computers communicate through three 
high-speed telephone lines which will 
soon be replaced by a microwave link. 

The new system replaces two System 
360/65’s, one at each school. It will 
save money by reducing unutilized com¬ 
puter capacity; but more than that, it rep¬ 
resents the beginning of a far-reaching 
effort to achieve long-term savings and 
intellectual cooperation in the two uni¬ 
versities’ computer services. 

"To get used to working together,” Mr. 
Scott said, “we chose batch process¬ 
ing because it has a high probability of 
success.” The next step, which will 
probably involve time-sharing services, 
is not yet completely settled: "We have to 
make this work first.” 

The I.P.C. provides more than half 
M.I.T.’s computer services. As a service 
facility, its goal is to charge users just 
enough to cover expenses. 

Urban Executives Program 


M.l.T’s fifth Program for Urban Execu¬ 
tives, conducted with the advice and 
counsel of the National League of Cities, 
U.S. Conference of Mayors, and the Inter- 


Technology Review, January, 1972 81 


national City Management Association, is 
scheduled for June 4 through 30, 1972. 
Its purpose is to help prepare "key man¬ 
agers who will influence the development 
and implementation of municipal, county, 
and state policy," according to Peter 
P. Gil, Associate Dean of the M.l.T. Sloan 
School of Management. 

Professionals now working in urban af¬ 
fairs who are between the ages of 35 
and 45 are eligible to apply. The four- 
week program will cover principles of 
both management and technology applied 
to urban administration; there will be 
classes in the application of technology 
to urban problems, the management of 
economic resources, planning and con¬ 
trolling financial resources, labor relations 
and personnel administration, and man¬ 
agerial information systems for planning 
and control. 

Further information and applications are 
available from Robert M. Ilfeld, ’44, As¬ 
sociate Director for Executive Programs, 
in the M.l.T. Sloan School of Manage¬ 
ment. 

Beavers and Citations 


Award of seven Alumni Association 
Bronze Beavers and of Presidential Cita¬ 
tions to five alumni organizations was 
announced at the October meeting of 
the Alumni Advisory Council. 

Winners of the Bronze Beaver—the 
highest award which can be given for 
alumni service to M.l.T.—were: 

□ Arnold A. Archibald, ’28, possessor 
of "an enviable record of service to 
M.l.T." after "many years of dedicated 
alumni activity.” Mr. Archibald has been 
President of the M.l.T. Club of Western 
Pennsylvania, Chairman of the Alumni 
Fund’s Leadership Gifts Council in Pitts¬ 
burgh and now of the Pittsburgh-Area 
Alumni Fund Council, and a member of 
the Alumni Fund Board and of the Visit¬ 
ing Committee of the Department of 
Metallurgy. 

□ James W. Barton, '39, whose "peren¬ 
nial assistance, advice, and devotion to 
M.l.T. affairs . . . have earned him the 
title of ‘Mr. M.l.T. of Seattle.’ " Mr. Bar¬ 
ton has been Honorary Secretary, Edu¬ 
cational Counsellor, officer and Director 
of the M.l.T. Club of Puget Sound, and 
a regular worker for the Alumni Fund 
and the Second Century Fund. 

□ William S. Edgerly, ’49, who has 
through many activities "given new vi¬ 
tality and direction to strengthening the 
Institute.” Mr. Edgerly’s most recent ser¬ 
vice has been as Chairman of the Alumni 
Advisory Committee to the M.l.T. Com¬ 
mission on Education; he has also served 
on Visiting Committees, on the Long- 
Range Planning Committee, on the 
Alumni Club Advisory Board, and on the 
Alumni Association Board of Directors; 
he has been Vice President of the As¬ 
sociation and an officer of the M.l.T. Club 
of Boston. 

□ Samuel A. Groves, ’34, who has 
brought "quiet leadership to the finan¬ 
cial and personnel needs of the Associa¬ 
tion and to the area of alumni communi¬ 
cations.” Mr. Groves is currently Chair¬ 
man of the Nominating Committee of 
the Association, and he served as its 
President in 1965-66. 


□ Donald A. Hurter, ’46, "originator of 
ideas as well as implementor, (who) has 
a unique ability to bring together, mo¬ 
tivate, inspire, and lead his fellow 
alumni." Mr. Hurter has been active in 
alumni affairs almost since his gradua¬ 
tion, including membership on commit¬ 
tees “too numerous to list"; he has 
been class officer, club officer, and 
Alumni Fund worker, and to him goes 
credit for much of the planning for alumni 
seminars which are now a major factor 
in the Association’s program. 

□ Breene M. Kerr, ’51, compiler of "an 
extraordinary record of alumni accom¬ 
plishment in a brief 20 years" following 
graduation from M.l.T. The record began 
when Mr. Kerr was elected President of 
the M.l.T. Club of Tulsa just seven years 
following graduation; since then he has 
been a member and officer “in virtually 
every local and national alumni activity,” 
including Visiting Committee and the Cor¬ 
poration itself. 

□ Irwin W. Sizer, Dean of the Graduate 
School at M.l.T., whose "unselfish, de¬ 
voted service on behalf of alumni . . . 
have won him a lasting place in the 
annals of his adopted alma mater." Dean 
Sizer was elected an Honorary Member 
of the Association in 1964 in recogni¬ 
tion of his generous leadership in plan¬ 
ning the first alumni seminars, and he 
has continued to be active in all aspects 
of alumni affairs. 

1971 Presidential Citations were given 
to: 

□ The Alumni Fund Area Council in 
Washington, D.C., for its work in support 
of the 1971 Alumni Fund. 

□ The Washington, D.C. Regional Con¬ 
ference Committee for its success in 
sponsoring the conference of March, 
1971. 

□ The 1971 Entrepreneurship Workshops 
Committee, sponsors of the series of 
seminars and workshops on new busi¬ 
ness opportunities throughout the U.S. 
in 1970-71. 

□ The Class of 1921, for outstanding 
support of the Institute through fund¬ 
raising and reunion activities in its 50th 
year. 

□ The San Francisco Educational Coun¬ 
cil, to recognize its outstanding contri¬ 
bution through interviewing San-Fran- 
cisco-area high school students. 

$1 Million in Taxes 


Three payments of real estate taxes made 
to the city of Cambridge by M.l.T. late 
in November—a total of over $1 million— 
assured that the Institute would continue 
to be the third largest source of revenues 
for the city. The November payments 
included: 

□ $839,025.76 of real estate taxes on 
M.l.T.-owned properties not used for ed¬ 
ucational purposes; these include land 
formerly occupied by the Simplex Wire 
and Cable Co. which will be redeveloped 
for housing and industrial use and sev¬ 
eral parcels of land now being developed 
with “turn-key” housing. 

□ $84,206.40 of real estate taxes on the 
so-called Epsco Building, now being used 
for research and storage. 

□ $77,983.60 of real estate taxes on a 
leased building at 75 Cambridge Parkway 



When Cambridge real estate taxes were 
due late in 1971, the M.l.T. News Office 
made this picture of Kimball Valentine, 
Jr., Assistant to the Treasurer, to em¬ 
phasize that the Institute is not exactly 
tax-exempt. The three checks cover 
payments on M.I.T.-owned properties 
not used for educational activities and 
are part of a total of over $2 million in 
real estate taxes and payments in lieu 
of taxes which the city of Cambridge 
gained from M.I.T.-related properties in 
1971. 


occupied by the Charles Stark Draper 
Laboratory. 

In addition to these, M.l.T. paid addi¬ 
tional amounts to Cambridge in 1971: 

□ Some $296,000 in voluntary payments 
in lieu of taxes on properties recently 
on the tax rolls but now used for educa¬ 
tional purposes and hence tax-exempt; 
M.l.T. makes such payments to ease 
the transition from taxable to tax-free 
for the city. 

□ $182,870 paid by the Northgate Com¬ 
munity Corp., an M.I.T.-sponsored real 
estate activity designed to improve hous¬ 
ing stock for use by long-time Cambridge 
residents and members of the M.l.T. 
community. 

□ Some $500,000 paid in taxes by ten¬ 
ants in buildings owned by M.l.T. for 
investment purposes. 

□ An advance payment of $125,000 made 
to the city in the summer of 1971 to help 
it meet operating expenses without bor¬ 
rowing against anticipated tax income. 

Fall Sports: Fair to Good _ 

Though many observers of the athletic 
scene bemoan it, the usual way to assess 
the varsity season is through the wins- 
losses columns. On that basis, fall 1971 
was successful: a composite total of 
at least 27 wins, 11 losses. 

Cross-country was at the top of the 
list —11 wins, 2 losses; the record was 
the more remarkable because there was 
no superstar. The team was consistently 
paced by Robert B. Myers, ’72, and 
John E. Kaufmann, ’73, but the pair 
managed only three individual victories 
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in their eight races this fall. 

The soccer team, winning only five 
out of 13, was involved in eight shut¬ 
outs, but it was at best a mediocre 
season. Meanwhile the sailing team 
emerged from the fall season with the 
New England championship—the Fowle 
Trophy—but claimed no better than 
fourth place in the national Schell Re¬ 
gatta. Two coed invitational regattas 
among New England schools completed 
the season, and M.l.T. teams took first- 
place honors in both. 

In its second year as a varsity sport, 
the water polo team won 11 out of 17, 
defeating Brown but losing to Harvard, 
and took sixth place In the New England 
tournament. Tech Talk called it "an en¬ 
couraging sign for so young a sport.” 
M.l.T. still has only one real tennis 
star—William D. Young, ’74, who won 
both singles and doubles (with Kevin 
Struhl, ’74) championships at a Brandeis 
tournament early in the fall. It was his 
second sweep of the tournament in as 
many years. 

The Serious—and Not So Serious 

It is a moment when society seems to 
hold a different view of science. What 
does that mean for M.l.T. as a university 
centered in science? A harder role, per¬ 
haps; but we cannot turn away from the 
goals to which we are committed, Walter 
A. Rosenblith, Provost of the Institute, 
told nearly 100 high school guidance 
counselors at M.l.T. late this fall. 

"We must be our own implacable 
critics," he said. We must face the para¬ 
doxes that others also sense, and we 
must make special efforts to understand 
and help resolve them. For example, "we 
must work very hard to learn how to 
apply technology to public systems as 
well as to public goods,” Professor 
Rosenblith declared. 

What does this mean for high school 
students and their counselors? We know 
that unemployment figures "loom large 
in the choices of high school students,” 
said Professor Rosenblith. But the stu¬ 
dents must have longer time bases. "No 
case can ever be made for refusing to 
use—or find—knowledge," he declared— 
hence the prospect for continuing and 
increasing dependence upon science, en¬ 
gineering, and technology-based work In 
the future. 

And what will students who take this 
longer view of values find at the Insti¬ 
tute? A panel of faculty assured them 
that students here continue to expect— 
and receive—excellent preparation in 
fields that “seem to us at the top of 
technology’s agenda." And the students, 
increasingly sensitive to a gap between 
what technology can do and what it does, 
are finding their own ways to make their 
educational experiences ever more rel¬ 
evant. 

. . . and their own ways to make life 
more enjoyable, too, according to a 
panel of four undergraduates on student 
activities. The two coeds on the panel 
found themselves the center of friendly 
curiosity: What’s it like to be a girl at 
M.l.T.? 

It's "exciting,” said Katherine Swartz, 
'72—who, as it turned out, is living In 




It ever in the past two years of rapid 
campus change there was a softening 
of student interest in sports, that time is 
past, says Ross H. Smith, Director of 
Athletics. The 1971 fall season brought 
record numbers of intercollegiate and 
intramural athletes to Briggs Field, the 
Charles River, and the Alumni Swim¬ 
ming Pool—including a women's eight- 
oared shell and hard-fought intramural 
football. (Photos: Bradley C. Billetdeaux, 
'72, David M. Tenenbaum, '74, and 
Sheldon Lowenthal, '74, from The Tech) 
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The Gallery 



(Above) Andrew J. Rubel, '74, may have 
been the first exponent of the current 
unicycle tad at M.l.T.—but he has lots of 
company now. (Photo: Margaret Foote) 

(Below) Artist Lynda Benglis and several 
assistants spent two weeks late this 
fall creating polyurethane foam sculp¬ 
tures in the Hayden Gallery. The process 
began with the erection of plastic-sheet 
covered frames; then came the creation 
—sometimes to large student audiences 
(who watched through gallery windows 
because of fumes); and finally an ex¬ 
hibition of the awkwardly animal-shaped 
sculptures which resulted. 




"You're now entering the Ethical Suicide 
Parlor," said the guide to his masked 
visitors as they approached the Green 
Building early this winter. Obviously 
no ordinary sight-seeing tour, these were 
members of the cast of "Between Time 
and Timbuctoo," a Kurt Vonnegut story 
adaptation being filmed by Boston's 
Channel 2 tor a special N.E.T. Play¬ 
house program. (Photo: Margaret Foote) 



Old grads who seek evidence that every¬ 
thing at M.l.T. is normal in 1971 will 
find this picture at once reassuring and 
perplexing. Reassuring, because the 
belly-dancer in the Building 10 lobby is 
extolling the virtues of a student publica¬ 
tion. Perplexing, perhaps, because the 
artiste in question is an M.l.T. under¬ 
graduate, Beverly Seavey, ‘73, and she 
is promoting Thursday, the radical left 
student weekly tabloid. 



WESTERN STRIP S' 
HALF LB CHOPPED BE 
WTESNER NITZEL 
BOSTON SOLE 


IARBEQUED CHICK 


(Above) No typographical error, this: it’s the Twenty Chimneys, Student Center 
the newest specialty of the house at grill room. 
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coed Senior House this year. The best 
thing about it is "having guys as good 
friends just as girls would be anywhere 
else. It’s a challenge to get to know 
guys as well as I do here,” she said: 
and the coed dormitory is the best thing 
of all: "... like living in a family, 
only more stimulating conversation than 
with just girls." 

Lynn Mahoney, 72, agreed: "It's really 
great being a girl at M.l.T.”—partly at 
least because a coed at the Institute is 
taken seriously for her interest in a 
career, not just for her interest in going 
to college. 

But Gregory C. Chisholm,73, isn't will¬ 
ing to make it quite so simple. There 
are bad things as well as good. "We 
don't have any idyllic situations here,” 
he said; it's not really like a family—just 
a group that gets together with mutual 
interests. And because there is such 
a group, he said, there’s always the 
chance of someone being left out. 

Upper Atmosphere Research 

Plans for a $13-million upper atmosphere 
observatory to study the relationship be¬ 
tween energy and weather, radio com¬ 
munications, and other phenomena miles 
above the earth have been completed 
by a consortium of six universities, and 
funds for the project are now being 
sought from the National Science Foun¬ 
dation and from the National Research 
Council of Canada. 

The universities, organized as the Upper 
Atmosphere Research Corp., are M.I.T., 
Rice University, the University of Illinois, 
the University of Pittsburgh, Pennsylvania 
State University, and the University of 
Western Ontario. The Observatory would 
be located along the U.S.-Canadian bor¬ 
der near the Great Lakes, where it would 
be under a low-density “trough” in the 
ionized layers of the upper atmosphere 
formed by the earth’s magnetic field. 

New “incoherent” radar techniques will 
be used to track and study rarefied 
gases and particles in the ionosphere, 
50 to 6,000 miles above the earth. The 
earth’s weather is largely determined by 
winds in this region, and radio communi¬ 
cations are heavily influenced by radio 
and magnetic and electric conditions. 
Though satellites and rockets provide 
grief glimpses of ionospheric conditions, 
a facility which can operate continuously 
on a 24-hour basis is needed. 

John V. Evans of M.I.T.’s Lincoln Lab¬ 
oratory is Project Director for U.A.R.C.; 
its President is William E. Gordon, Dean 
of Engineering and Science at Rice Uni¬ 
versity, and preliminary studies for the 
Observatory have been completed at the 
University of Illinois by Sidney A. Bowhill, 
Professor of Electrical Engineering. 

Jamieson Re-elected 


J. Kenneth Jamieson, '31, Chairman and 
Chief Executive Officer of Standard Oil 
Co. (New Jersey), was elected to a sec¬ 
ond five-year term as a member of the 
M.l.T. Corporation during that group's 
annual meeting at M.l.T. on October 8 . 

Mr. Jamieson, a native of Medicine Hat, 
Alberta, Canada, was associated with 
Imperial Oil Co., International Petroleum 



The winner of this year's Ugliest Man 
on Campus contest was Paul Wagoner, 
'74 (top), running as "Great Court Jester." 
His supporting cast is (left to right) Don 
Arkin, '72, John Mangold, '72, and Frank 
Spahn, '72 


Co., Ltd., and Humble Oil and Refining 
Co. before joining Standard of New Jer¬ 
sey in 1964. He has been a member of 
the M.l.T. Corporation since 1966 and as 
Chairman of its Visiting Committee for 
the Department of Chemical Engineering 
has played a key role in the develop¬ 
ment of research and teaching in that 
field at M.l.T. He is also a member of 
the Corporation's Development Commit¬ 
tee, and he has previously been a mem¬ 
ber of its Visiting Committee to the De¬ 
partment of Nutrition and Food Science. 

Not Ugly—Just Silly _ 

Every Fall the Alpha Phi Omega service 
fraternity asks the Institute what is the 
ugliest thing around—and the com¬ 
munity responds by dredging up the 
most disgusting specimens it can muster 
for the Ugliest Man on Campus contest. 
Past winners have included an alligator, 
a pretty coed, and more traditionally 
ugly candidates who campaign un¬ 
shaven and in filthy costumes. 

This year the voting reached a record 
high (a vote cost Itf, anyone could vote 
as often as he liked, and all the proceeds 
were contributed to CARE) with a total 
of $3083.83 collected. The winner was 
Paul Wagoner, 74, running in a fool’s 
costume as Great Court Jester, with 
$605.54—that’s 60,554 votes. With the 
slogan, “I’m not ugly; I’m just silly,” 
Wagoner falls into the category of un¬ 
orthodox uglies. Runners-up were the 
more standard Dave DeBronkart, 72, 
said to “use Crisco hair tonic,” with 
$563.17, and "Ugleon” (a specimen en¬ 
tered by Chi Phi fraternity), claimed to be 
so ugly that "Fellini gagged, sidewalks 
spit on him, even coeds look good, blind 
dates (the kind with dogs) turn him 
down,” with $514.83. 

In the last hour of voting, Wagoner and 
DeBronkart were running neck and grimy 
neck. DeBronkart and some of his friends 
made a last-ditch effort to collect votes 
from his dormitory (East Campus) by 
mugging anyone who had not yet con¬ 


tributed. But thanks to his fraternity 
brothers (Phi Beta Epsilon), Mr. Wagoner 
clinched the victory one second before 
the official end of voting by producing 
from up his sleeve a $100 bill. 

Individuals Noteworthy_ 


Aaron Finerman, Professor of Engineer¬ 
ing and Computing Science, State Uni¬ 
versity of New York at Stony Brook, to 
Manager, Jet Propulsion Laboratory, 
Office of Computing and Information Sys¬ 
tems . . . Robert L. Cleland, S.M.'51, to 
Professor of Chemistry and John A. 
Menge, Ph.D.’59, to Professor of Eco¬ 
nomics, Dartmouth College . . . James R. 
Mahoney, Ph.D.’66, to Associate Pro¬ 
fessor of Applied Meteorology, Depart¬ 
ment of Environmental Health Sciences, 
Harvard School of Public Health . . . 
Robert L. Gluckstern, Ph.D.'48, to Vice- 
Chancellor for Academic Affairs and Pro¬ 
vost, University of Massachusetts . . . 
Joseph R. Fahey, S. J., Ph.D.’67, to Dean, 
Holy Cross College . . . Charles W. Mer- 
riam, 3rd, Sc.D.'58, to Professor and 
Chairman, Department of Electrical En¬ 
gineering, University of Rochester . . . 
Russell R. Pfeiffer, Ph.D.’63, to Chairman, 
Department of Electrical Engineering, 
Washington University . . . Richard E. 
Stoiber, Ph.D.’37, to Frederick Hall Pro¬ 
fessor of Mineralogy, Dartmouth College 
. . . A. W. Schlechten, Sc.D.'69, to Pro¬ 
fessor and Head, Department of Metal¬ 
lurgical Engineering, Colorado School 
of Mines . . . John P. Cutler, M.A.R.’42, 
to Professor, School of Architecture and 
Environmental Design, California State 
Polytechnic College. 

M.l.T. Appointments: Malcolm G. Kis- 
pert, '44, to Institute Secretary . . . 
James D. Bruce, Sc.D.'64, to Associate 
Dean, School of Engineering . . . 
Charles L. Miller, '51, to Professor, Civil 
Engineering and Director, Urban Systems 
Laboratory . . . Louis B. D. Braida, 
S.M.'65, to Assistant Professor and Ex¬ 
ecutive Officer, Electrical Engineering 
. . . Ned J. Block, '64, to Assistant Pro¬ 
fessor, Physics . . . Carl E. Hewitt, '67, 
to Assistant Professor, Civil Engineering 
. . . Martin L. Shooman, ’55, to Visiting 
Associate Professor, Electrical Engineer¬ 
ing .. . Joseph Ferreira, ’67, to As¬ 
sistant Professor, Urban Studies and 
Planning . . . Terry A. Winograd, Ph.D.'70, 
to Assistant Professor, Electrical Engi¬ 
neering . . . Richard C. Larson, '65, to 
Assistant Professor, Electrical Engineer¬ 
ing and Urban Studies . . . William L. 
Porter, Ph.D.'69, to Dean, School of 
Architecture and Planning and Professor 
of Architecture and Urban Planning . . . 
Ole S. Madsen, Sc.D.’70, to Assistant 
Professor, Civil Engineering 
Howard H. Brown, ’56, to Visiting As¬ 
sociate Professor, Physics . . . James H. 
Porter, Sc.D.’63, to Visiting Associate 
Professor, Chemical Engineering. 

To Leo Beranek, Lecturer at M.l.T., the 
first Gold Medal Award of the Audio 
Engineering Society . . . Joseph Libsch, 
’40, to Fellow of American Society for 
Metals ... to Albert R. Gurney, Jr., 
Associate Professor, M.l.T. Department 
of Humanities, a 1971 Drama Desk 
Award ... to Hermann A. Haus, Sc.D.’54, 
the 1971 Western Electric Fund Award 
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V. Fischer W. L. Huber 


for teaching and research ... to Donald 

R. F. Harleman, Sc.D.’50, the Karl Emil 
Hilgard Hydraulic Prize, American Society 
of Civil Engineers ... to Alfred C. 
Schroeder, '37, the 1971 Vladimar K. 
Zworykin Award of the I.E.E.E. ... to 
C. Allin Cornell, M.l.T. Professor of En¬ 
gineering, the Walter L. Huber Civil En¬ 
gineering Research Prize, American Soci¬ 
ety of Civil Engineers ... to John G. King, 
'50, the E. Harris Harbison Award for 
Gifted Teaching, Danforth Foundation . .. 
Eric Reissner, Ph.D.’38, to Fellow of 
American Institute of Aeronautics and 
Astronautics . . . Luis A. Ferrd, ’24, 
the Hoover Medal, from the A.S.M.E. 
... to Charles S. Draper, '26, the Rufus 
Oldenburger Medal, A.S.M.E. . . . Philip P. 
Crimmins, '52, to Fellow, American Insti¬ 
tute of Chemists ... to Kenan E. Sahin, 
'63, the Salgo-Norean Award for excel¬ 
lence in teaching ... to Charles J. 
Neumann, '46, the Department of Com¬ 
merce Silver Medal ... to Warren M. 
Rohsenow, M.l.T. Professor of Mechanical 
Engineering, the Max Jakob Memorial 
Award of the A.S.M.E. and the A.I.C.E. 
. . . to Vannevar Bush, E.G.D. '16, an 
Honorary Doctor of Engineering degree, 
Dartmouth College . . . Robert F. Flood, 
'35, to Board of Trustees, Rosemont Col¬ 
lege . . . Warren G. Bennis, Ph.D.’55, 
to President, University of Cincinnati . . . 
John P. Longwell, Sc.D.’43, to Senior 
Scientific Advisor, Esso Research and 
Engineering . . . Victor Fischer, M.C.P. 
'50, to Board of Governors of American 
Institute of Planners. 

The 1971 Bronze Beaver Award of the 
M.l.T. Alumni Association to Arnold A. 
Archibald, '28, James W. Barton, ’39, 
William S. Edgerly, '49, Samuel A. 
Groves, 34, Donald A. Hurter, ’46, Breene 
M. Kerr, ’51 and Irwin W. Sizer, Dean 
of the Graduate School. 

Paul E. Gray, '54, to Director, National 
Shawmut Bank of Boston . . . John W. 
Focke, M.AR/ 68 , to Vice President, Cau¬ 
dill Rowlett Scott . . . F. Scott Carpenter, 
’44, to Vice President, Cabot Corp. . . . 
Harold E. Thayer, '34, to Chairman of the 
Board and Chief Executive Officer, Mal- 
linckrodt Chemical Works . . . Norman A. 
Jacobs, S.M.'59, to President, Amicon 
Corp. . . . Frank Shaw, S E.' 68 , to Execu¬ 
tive Vice President, Coleman Company, 
Inc. . . . Gary Brooks, '55, to Vice Presi¬ 
dent of Marketing, Scott Graphics, Inc. 
. . . Alexander Squire, '39, to President, 
WADCO, Hanford Engineering Develop¬ 
ment Laboratory . . . Carle C. Conway, 
'53, to Senior Vice President, Ultronic 
Systems Corp. . . . Richard V. Warden, 

S. M.'59, to President, I.T.T. Decca Marine 
Inc. . . . Kenneth N. Davis, '46, to 
Executive Vice President of Systems and 



F. S. Carpenter A. C. Schroeder 


Services, General Instrument Corp. . . . 
David F. Springsteen, '54, to Vice Presi¬ 
dent, Stone and Webster Securities Corp. 
. . . Nathan Cohn, ’27, Leeds and North- 
rup Co., to Board of Franklin Institute. 

M.l T. Appointments: Edwin R. Gilliland, 
Sc.D.'33, to Institute Professor and War¬ 
ren K. Lewis Professor of Chemical En¬ 
gineering ... Ira Dyer, '49, to Head, 
Department of Ocean Engineering . . . 
Jean P. Leinroth, Jr., Sc.D.’63, to Visiting 
Professor, Department of Chemical En¬ 
gineering . . . Ronald W. Wolff, ’55, to 
Visiting Associate Professor, Sloan 
School of Management . . . James L. 
Kirtley, Jr., '68, to Assistant Professor, 
Department of Electrical Engineering . . . 
James W. Beatty, Jr., Ph.D.’60, to Visiting 
Associate Professor, Department of 
Chemistry. 

Deceased _ 

Paul R. Parker, '03, October 25, 1971 
Robert N. Hoyt, ’09, June 2, 1971 


George T. Palmer, ’09, August 1971 
Ernest L. Patch, '10, October 10, 1971 
Eld red E. Besse, ’11, October 13, 1971 
Robert O. Wood, '11, July 1, 1971 
Ralph Riddell, '12, n.d.* 

Edgar H. Weil, '13, October 1, 1971 
Ralph Hart, '15, July 21, 1971 
Harold A. Moxon, '16, April 20, 1971 
Ralph J. Crosby, '18, July 31, 1971 
Samuel A. Brunelle, ’19, September 1971 
Homer V. Howes, ’20, October 28, 1971* 
Raymond C. Fisher, ’21, August 13, 1971* 
Carl W. Hammond, '21, September 1, 
1971* 

Raymond S. Bond, ’22, August 30, 1970 
Charles R. McCutcheon, ’24, September 
17, 1971 

Wilbur W. Criswell, Jr., '26, October 30, 
1971* 

Leland W. T. Cummings, ’26, n.d.* 

Lucien R. St. Onge, '26, February 1971* 
G. Richard Peterson, '26, October 24, 
1971* 

William Wraith, Jr., ’26, July 6 , 1971 
John F. Healy, ’27, September 14, 1971 
John A. Carrollo, '28, September 17, 1971 
George R. Lang, ’28, October 30, 1971 
Francis L. Stetson, ’28, August 24, 1971 
Joseph F. Clary, '29, September 16, 1971* 
Carl G. Wennberg, '29, December 27, 
1970* 

Edwin H. MacEwan, '33, September 22, 
1971 

William D. Hope, ’41, May 29, 1971 
Basil Staros, ’41, October 28, 1971 
Joseph H. Holloway, '52, September 25, 
1971* 

* Further information in Class Review 


albert 


PIPE • VALVES • FITTINGS 

Steel / Yoloy / Aluminum 
Plastic / Stainless / Alloy 

PIPE FABRICATION From one coded 

pressure vessel to complete power plant pre-fabrlcated piping. 

SPEED-LA yr Economical pipe system for oil- 
gathering, dewatering and chemical processing lines. 

PIPE PILING & ACCESSORIES 

Pipes & clamps for storage racks. 


WRITE FOR FREE BROCHURE* 

ALBERT PIPE SUPPLY CO.. INC 

Manufacturers—Fabricators—Distributors 

101 VARICK AVE., BROOKLYN. N. Y. 11237 
Telephone: 212-4974900 
S.G. ALBERT '29 • A.E. ALBERT '56 


86 Technology Review, January, 1972 






Brewer 

Engineering 

Laboratories 

Inc. 


Consulting Engineers 
Experimental Stress Analysis, 
Theoretical Stress Analysis, 
Vibration Testing and Analysis, 
Specialized Electro-Mechanical 
Load Cells and Systems, Structural 
Model Testing and Fabrication, 
Strain Gage Conditioning and 
Monitoring Equipment. 

G.A. Brewer ’38, 

Marion, Massachusetts 02738 
(617) 748-0103 


Kuljian 


Engineers Constructors 
Utility-Industrial-Public Works 
Power Plents (NuclearFossil-Hy- 
dro), Transmission Systems (HV & 
EHV), Industrial & Processing 
Plants. Highways & Expressways. 
Airports & Facilities, Government & 
Institutional Buildings, Military 
Installations 

H.A. Kuljian '19, A.H. Kuljian ’48 

1845 Walnut Street, Philadelphia, 
Pa. 19103. Tel.: (215) 561-5300 


Capitol 

Engineering 

Corporation 


Consulting Civil Engineers 

Robert E. Smith *41, 

Edward W. Boggs '56 

Dillsburg, Pennsylvania 17019 


Cleverdon, 
Varney 
and Pike 

Consulting Engineers 

Structural, Electrical, Civil, Heating 
and Ventilating, Air Conditioning, 
Plumbing 

112 Shawmut Ave. 

Boston, Massachusetts 

02118 

j' Engineers and Consultants 

ICO Structural, Electrical, Mechanical, 

- - . . _ Acoustical, Industrial, Commercial 

Nelson Debes ITT 01 *” 

Associates, 

Inc. 

915 East State Street 

Rockford, Illinois 

Fay, 

Spofford & 
Thorndike, 
Inc. 

Engineering for Government and 
Industry 

Ralph W. Horne ’10, Howard J. Wil¬ 
liams '20, William L. Hyland '22, 
Edward C. Keane '22, Francis J. 
Turnbull '25, Eugene B. Lunden '27, 
William J. Hallahan '32, Fozi M. 
Cahaly '33, George M. Reece '35, 
Max D. Sorota '50, and Paul J. 

Berger '50 

11 Beacon Street, Boston, Mass. 
02108 

Haley & 
Aldrich, 

Inc. 

Consulting Soil Engineers 

Foundation Systems Engineering 
Engineering Geology—Seismic 
Surveys Site Evaluation & Develop¬ 
ment Consultation for Design & 
Construction Earth Dam Design 

H. P. Aldrich, Jr. '47 D. E. Reed '64 
M. C. Murphy '51 J. J. Rixner '67 

W. H. McTigue '54 E. B. Kinner '70 
238 Main Streei, Cambridge, 
Massachusetts 02142 

The 

Ben Holt 
Co. 

Engineers and Constructors 

Planning and Feasibility Studies 

Design and construction of facilities 
for the Energy Industries 

Ben Holt, '37 

R. E. Hodgson, '51 

D. H. Cortez. '68 

521 East Green Street 

Pasadena, California 91101 
(213) 684-2541 


Harold A. 
McCrensky 
Associates, 
Inc. _ 

Mueser, 
Rutledge, 
Wentworth 
& Johnston 


Management Consultants 

Work Standards; Incentive Plans; 
Management Controls; Standard 
Costs 

H. A. McCrensky *38, President 
J. L. Gould HBS’37, Vice President 

G. Beesley ’39, Vice President 

H. E. Jans '52, Senior Consultant 

Park Square Building 
31 St. James Avenue 
Boston. Mass. 02116 
Telephone: 617-542-2640 


Consulting Engineers 

Foundations for Buildings, Bridges 
and Dams-Tunnels-Bulkheads- 
Marine Structures-Soil Studies and 
Tests-Reports, Design and 
Supervision 

William H. Mueser 22, 

Philip C. Rutledge '33 

415 Madison Avenue 
New York, New York 10017 


Polysciences, 

Inc. 


Research, Development, 
and Consultation in the 
Fields of Polymers, 
Monomers, Life Sciences, 
and Medical Plastics. 

B. David Haloern '43 


Paul Valley 
Industrial Park 
Warrington, Pa. 

(North of Philadelphia) 
(215) 343-6484 


Maurice A 

Reidy 

Engineers 


Foundations and Soil Mechanics 
Structural Designs, Buildings, 
Bridges 

101 Tremont Street 
Boston. Massachusetts 02108 


Stearns & 
Wheler 


Civil and Sanitary Engineers 
Consulting Engineers 

Sewerage Drainage and Flood Con¬ 
trol, Water Supply and Distribution, 
Water and Waste Treatment, Muni¬ 
cipal Engineering, Refuse Disposal, 
Fire Protection, Airports 
W.O. Lynch ’47, S.G. Brlsbin, ’50 
A.G. Wheler '51, J.S. Grumbling ’55 

10 Albany Street, Cazenovia, New 
York 13035 (315) 655-8161 


Alan Wofsy 
& 

Associates 


Developing structures and space for 
business in California 

Alan Wofsy, MCP '67 
150 Green St. 

San Francisco, California 94111 
(415) 986-3030 
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Paul E. 
Dutelle & 
Company, 
Inc. 


Roofers and 
Metal Craftsmen 

153 Pearl Street 
Newton, Mass. 


Syska & 

Hennessy, 

Inc. 


Engineers 

Mechanical-Electrical-Sanitary 
Elevator & Materials Handling 

Specialty Divisions: 

S4H Information Systems. Inc. 
Engineering Management Division 
Lighting Design Workshop 
Site Planning-Automation 

John F. Hennessy '24 
John F. Hennessy, Jr. '51 

110 West 50th Street 
New York, N.Y. 10020 

1720 Eye Street, N.W. 

Washington, D.C. 20005 


Lord 

Electric 

Company, 

Inc. 


Electrical contractors 
to the nation since 1895 

Headquarters: 

45 Rockefeller Plaza 
New York, N.Y., 10020 

Offices in 15 principal 
cities throughout the U.S. 
and Puerto Rico 

Boston Office: 

4080 Mystic Valley Parkway 
Medford, Mass., 02155 
(617) 396-9110 


Technology 

Review 

As others see us 


. . addressed to a sophisticated audience ... in recent years has 
devoted more than half of its space to environmentally related material 
. . . also strong on issues of social policy." 


Bibliographic Material on 
Environmental Affairs under grant 
from the Anderson Foundation. 


Chas. T. 
Main, Inc. 


Engineers 

Studies and Reports . . is attractive, contains a good deal of consumer and business 

Design oriented advertising ... a large number of articles and departments 

Construction Management dealing with a large range of technology and its human Implications." 


Boston, Massachusetts 02199 
617/262-3200 


Data Processing Digest 

Charlotte, North Carolina 28204 
704/372-6420 


The Magazine of the Seventies - your advertising showcase. 


Swindell- 

Dressler 

Company 


A Division of Pullman Incorporated For adver(islng ra , es and reader information caM or write: 
Engineers 

441 Smithfield Street 
Pittsburgh, Pennsylvania 
15222 

Charleston, West Virginia 
Harrisburg, Pennsylvania 
Toronto, Canada 
Mexico City, Mexico 
Sydney - Melbourne, Australia 


Richard F. Wright 
Technology Review 
M.I.T., El9-430 
Cambridge, Mass. 02139 
(617) 864-6900, extension 4871 
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95 

My 98th birthday was a pleasant oc¬ 
casion and I appreciated receiving cards 
from Tyrrell Cheney, Dike Arnold, Tech¬ 
nology Review and the Alumni Associa¬ 
tion as well as many others. 

A happy and healthy New Year to all.— 
Andrew D. Fuller, Secretary, 1284 Bea¬ 
con St., Brookline, Mass. 02146 

96 

Charles Gilman Hyde, Professor Emer¬ 
itus of Sanitary Engineering at University 
of California in Berkeley died in Ross, 
Calif., on September 21. He was born 
on May 7, 1874 in Yantic, Town of Nor¬ 
wich, Conn., and enrolled in Course XI 
at M.l.T. As an undergraduate he was 
active in the college publications serving 
as associate editor of the Technique, 
as editor-in-chief of The Tech and also 
as president (’94-’95) of the New England 
Intercollegiate Press Association. Charlie 
Hyde also found time to belong to several 
clubs, Delta Kappa Epsilon fraternity and 
to serve the class as senior president. 

For four years after graduation he was 
an engineer with the Massachusetts State 
Board of Health. He then went to Penn¬ 
sylvania where he was in charge of the 
Spring Valley Testing Station in Phila¬ 
delphia and later carried out a water sup¬ 
ply investigation for the state. In 1905 
he became Professor Hyde of the Uni¬ 
versity of California, where he remained 
until after World War II. During World 
War I he was a major in the army, ulti¬ 
mately serving in the office of the 
Surgeon General in Washington. 

In addition to his teaching duties, Hydi 
served the university as Dean of Men 
in 1926-28 and in 1932 was one of a 
committee of four to study the health 
and sanitary conditions affecting steerage 
passengers between the Orient, Hawaii 
and the West Coast. For over sixty years 
he was a consultant engineer on many 
water supply, sewage disposal and other 
sanitary and hydraulic problems. 

In 1901 he married the late Margherita 
Isola of Newton, Mass. He is survived 
by three daughters, Mrs. Margherita H. 
Dunn and Mrs. Hellen H. Gibbs of 
Berkeley and Mrs. Katharine H. Williams 
of Tiburon, one grandchild and five 
great-grandchildren.— Clare Driscoll, Act¬ 


ing Secretary, 2032 Belmont Road, N.W., 
Washington, D.C. 20009 

98 

It is Happy New Year time again. May 
this coming year be filled with many 
blessings for Alvan Davis, Bob Lacy, 
George Newbury, Walter Page and Joe 
Riley. May the ’98 Honorary Member, 
Dr. George Harrison be also included in 
receiving best wishes for happiness in 
1972. We would like to hear from him.— 
Mrs. Audrey Jones Jones, Acting Secre¬ 
tary, 232 Fountain St., Springfield, Mass. 
01108 

99 

Every one has heard that Disney World 
(15 miles from Orlando, Fla.) opened on 
time on October 1. This is not news. But 
when your Acting Secretary, his wife and 
family became early visitors to be 
greeted at Disney World by Mickey 
Mouse, Donald Duck, Pluto and the rest, 
we were thrilled that such beauty and 
skill could be accomplished in so short a 
time. It is a great tribute to Walt Disney, 
its founder and those who continued to 
execute his dreams. 

The day selected for the visit, October 
8 , was our daughter’s birthday and what 
better place to celebrate it! As you can 
imagine, it is impossible to explore this 
extravaganza in a single day. So when 
six o’clock came, our feet and legs told 
us it was time to adjourn to the Poly¬ 
nesian Hotel for the birthday dinner. So, 
we took the monorail to the hotel, which 
is part of the Disney complex but is lo¬ 
cated just outside the park so as to be 
available for folks who are not Disney 
World visitors. 

Outside the hotel, which is on a lake, 
the view is most pleasing, but inside, 
from the second floor balcony, you look 
down on an exotic tropical garden and 
fountain. The dining room menu makes a 
specialty of delicious Polynesian food, 
correctly served. While we were eating, 
in came a group of Polynesian enter¬ 
tainers in their native costumes. The 
girls, from Hawaii, Tahiti and New Zea¬ 
land, sang and perfectly executed the 
hula and many other South Pacific 
dances. 

The weekend of October 22 will be 


given over to the official dedication of 
Disney World. Right now, as I look at 
our TV, many of the stars of screen 
and stage are debarking from their plane 
to view or to assist in the production of 
the 90-minute nationwide TV showing 
which will be aired on October 29. 

At the conclusion of the birthday, we 
felt that the day and evening had been 
most enjoyable. With best wishes to all— 
Norman E. Seavey, Acting Secretary, Apt. 
514, Lucerne Towers, Orlando, Fla. 32801 

03 

Our fortunate remaining classmates are 
definitely enjoying their tranquil living, 
fostered of course by Florida and Texas 
temperatures. However, in New England 
we are now witnessing a picturesque 
carpet of leaves on our highways caused 
by recent cold rain and wind squalls. 

Since our recent exhibition of historical 
souvenirs on Alumni Day, along the cor¬ 
ridor of the main building, I chose to add 
a few for the M.l.T. Archives and have 
received a very nice letter of appreciation 
from Professor E. Neal Hartley, the cu¬ 
rator. May I suggest to you classmates 
to do likewise in order to retain M.l.T. 
history which might otherwise be lost.— 
John J. A. Nolan, Secretary-Treasurer, 
13 Linden Ave., Somerville, Mass. 02143 

05 

Recently while digging out trash (and 
treasures, Ruth says) I came across some 
relics of the old days on Boylston Street, 
for instance my Class Cane and Class 
Pipe. Does anyone remember how we 
cherished them for a time? I was then 
too young to smoke a pipe; now I am too 
old, for I stopped several years ago just 
as a matter of good common sense. If 
we have a pipe smoker in the class who 
will use it carefully, I’ll gladly part with 
it. As to the cane, I think I will save It 
for my old age. Then there was a card 
from Hotel Brunswick, suggesting that I 
attend “chapel” occasionally. Also the 
cardinal and grey mortar type hat we 
used in the big Nantasket Reunion, and 
many other mementos bringing back fond 
memories. You fellows probably have 
discarded most of these long ago, but 
we, alas or alack, were and are a saving 
family. 
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A sailing enthusiast "ever since he was 
big enough to hold a tiller," Prince 
Sears Crowell, ’05, (above) is shown with 
his sailing tamily (above right) Prince S. 
Crowell, Jr. and Prince S. Crowell, 3rd. 
(Photos by Dorothy I. Crossley) 


Lacking a class agent, it might appear 
that our class contributions to the Alumni 
Fund would suffer, but the last report of 
the 1970-71 Campaign Fund shows that 
we made the largest contribution of any 
class up to 1907 and that the number of 
contributors, 22, was also the largest. 
That is 70 per cent of the class. In mem¬ 
ory of Bob McLean, who started this ball 
arolling, let’s try to better this percentage 
a bit next year. 

The magazine section of the Boston 
Herald of September 5, 1971, carried a 
36-inch column about Prince S. Crowell 
of Woods Hole, Mass., titled "Just knock¬ 
ing around with an 89-year-old Prince.” 
It showed the above picture of Prince at 
the helm, holding the ropes, and part of 
his yachting (and racing) family in his 
new fiberglass C.C. "Elf”, Prince Sears 
Crowell, Jr., at the ropes, and Prince 
Sears Crowell, 3rd, skipper. The boom is 
homemade by “gluing three pieces to¬ 
gether and then cutting to shape a P.S.C. 
job.” 

This 36-inch column telling of his pas¬ 
sion for sailing is deserving of printing 
in full, but space does not permit. Prince, 
who will celebrate his 90th birthday this 
Christmas Eve, has sailed his 18-foot 
Knock-abouts from Woods Hole since 
1906 and has been sailing "ever since 
he was big enough to hold a tiller." This 
year he made one concession to modern 
technology—a fiber-glass boat. “I sailed 
my wood 18-footer ‘Imp’ until last year,” 
Prince said. "They were towing all the 
Knockabouts to the Nationals, but they 
wouldn't tow the ‘Imp.’ They said she'd 
pull apart. After all she’s the oldest one, 
built in 1929.” There are a dozen witi- 
cisms and many "sailing tricks” which 



brought Prince to his championships 
mentioned in this article, which I wish I 
could bring to you. Tell you what. I’ll 
have this article mimeographed and a 
copy sent if the demand is sufficient. 
Someone should write a book on “Prince 
Sears Crowell, Cape Cod’s Skipper.” 

A letter from Bill Spalding, Course III, 
says that he and Alice got as far north as 
Rhode Island, where the rest of the 
family from Maine came down for a 
family reunion. Apparently neighbors so 
taunted Bill about their sea-going an¬ 
cestors that Bill had the opportunity of 
bragging about his going to sea from New 
Bedford at the age of twelve on the last 
(?) voyage of the whaler "Morning Star.” 
He returned the next day with the pilot, 
thus "cutting short a career that might 
have kept me from joining M.l.T.” And 
the U.S.A. would have missed a good 
miner. 

Sam Seaver, Course XIII, and his wife 
recently celebrated their fiftieth anniver¬ 
sary with 48 kin, including 14 grand¬ 
children attending. Sam reports a year 
and a half of sickness and pleasure. His 
doctor must be a whiz, because he pre¬ 
scribes travel to cure Sam's ailments. 
During the 1970-71 winter season, Sam 
with his wife and son, apparently the 
driver, motored from Markham, Ontario, to 
Florida, Key West, etc., and back home 
along the East Coast. His doctor found 
him so much better that he prescribed 
another trip, so they motored to the West 
Coast through Colorado, New Mexico, El 
Paso, then “did the Grand Canyon, sev¬ 
eral other canyons, on west through Las 
Vegas, Fresno, and Sacramento, then up 
to Vancouver and home. The trip did me 
a lot of good.” Man, Sam, I’ve written a 
lot of items about the virility of ’05 octa- 
genarians, but when I think of driving to 
Boston, I phone a daughter to come and 
get me. . . . Roy Allen reports, "no more 
long auto trips for us, otherwise well.” 

Izzie and Charlie Smart have just urged 
us to attend Charlie’s 90th birthday party 
on November 19, a gala celebration, but 
I am afraid we must renege. Just as we 
decide to taper off, some very interesting 
thing allures. Our list of nonagenarians 
is increasing— George Prentiss on No¬ 
vember 27, Hub Kenway on December 1, 
Prince Crowell on December 24. I missed 
notice of Sam Seaver arriving at 90 on 
September 14.— Fred W. Goldthwait, 
Secretary, Box 231, Center Sandwich, 


N.H. 03227; William G. Ball, Assistant 
Secretary, 6311 Fordham Place, Braden¬ 
ton, Fla. 33505 

06 

How time creeps up on us—faster and 
faster as the years go by. Tempus Fugit. 
The interval between letters from class¬ 
mates gets longer and longer too. If it is 
heartwarming to receive such a letter, 
imagine the joy of having a classmate 
come to see you. We had that pleasure 
last October when Bob Rose, Course 
XIII and Anne came from Marblehead 
to make a call. While Marion and Anne 
chatted, Bob and I recalled old times 
and I showed him some of my "mem¬ 
orabilia." I am sorry I did not think to 
show him the group picture that Bob 
took in 1961 at a class dinner which I 
believe was held at Smith House in 
Cambridge. Present at that dinner were 
14 wives and 19 men. That picture has 
been on my desk ever since. I have been 
going through my files lately and most 
of the contents have been scrapped. 
However, I am keeping the reports that 
I receive from the Alumni Fund, and as 
Acting Class Agent I try to acknowledge, 
with thanks, all donations to it. From 
those reports I sometimes spot a change 
of address: Freeman M. Scales, Course 
V, was a resident of Amherst, Mass., for 
years and I believe is now living in 
Rhode Island, at 2 Mary Jane Lane in 
Newport. Marion and I celebrated our 
sixtieth wedding anniversary late in Oc¬ 
tober.— Edward B. Rowe, Secretary- 
Treasurer, 11 Cushing Rd., Wellesley 
Hills, Mass. 02181 

07 

Walter B. Kirby has sent the following 
news about his most interesting and ac¬ 
tive career: “After leaving Tech we soon 
lose track of our classmates, and wonder 
where they are and what they have ac¬ 
complished. With that in mind, the follow¬ 
ing is a brief of my architectural history. 

“When I was young I attended a mech¬ 
anical drawing class at the Y.M.C.A. and 
evening classes at the Boston Archi¬ 
tectural Club, and from time to time 
worked in several architectural offices 
in Boston and New York. While at Tech 
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I worked on competitions on the Brig¬ 
ham Hospital drawings, and later on for 
Henry Bacon on the drawings for the 
Lincoln Memorial in Washington. In 1907 
I was given a scholarship to take fourth- 
year advanced architectural design. 
Those completing the course were eligi¬ 
ble to compete for the Traveling Fellow¬ 
ship of one year of travel and study in 
Europe. I was awarded the scholarship in 
1910 and when in Rome I learned that 
the American Academy accepted scholar¬ 
ship men if there was a vacant studio. 
So I remained in Europe for a second 
year and having a studio to work in, 
I was able to make many rendered 
drawings of buildings and details of the 
classical and renaissance periods. I was 
also able to receive criticisms of my 
watercolor sketches. Returning to the 
states I was honored with a bronze medal 
from the Department of Architecture 'for 
the high quality of work done for the 
Department as Traveling Fellow in 1910- 
1911/ 

“I practised architecture in New York 
from 1912 until 1930 when I moved my 
office to New Canaan, Conn., where 
I remained until my retirement in 1952 
at age 67. During that time I had many 
commissions in Connecticut, Massachu¬ 
setts and New York. For a few years 
I was associated with Vitale, Brinckerhoff 
and Geiffert, Landscape Architects, de¬ 
signing the estate of Mt. Walley in Brook¬ 
line, Mass., consisting of a large Italian 
villa, formal gardens, farm group gate 
lodge, etc. We designed many formal 
gardens for estates throughout the coun¬ 
try, including a stone boat landing and 
greenhouses for W. H. Walker in Great 
Barrington, Mass., cascade gardens, log¬ 
gia and tea house for B. F. Jones in 
Sewickley Heights, Pa., and plans for a 
monumental formal garden for John J. 
Rascob in Wilmington, Del. 

"Later on in my own office I designed 
the estate of Pepperidge Farm for Henry 
A. Rudkin in Fairfield, Conn. This con¬ 
sisted of a stone residence, farm group 
and gardens, later made famous when 
Mrs. Rudkin developed the Pepperidge 
Farm Bread in her kitchen. Several years 
later I designed the Pepperidge Farm 
Bakery in Norwalk, Conn., which is a 
U-shaped building into which the bak¬ 
ery’s ingredients were received at one 
end, stored, processed, kneaded, baked, 
cooled, and packaged to emerge in car¬ 
tons and be shipped from the other 
end of the building. 

"While in New York, to get some 
outdoor exercise, I joined Squadron 
C in Brooklyn which had a large horse 
farm in Huntington, L.l. Squadron mem¬ 
bers were privileged to stay at the farm 
and ride the horses through the then 
beautiful riding country. In 1916 we were 
called into service and sent to Texas 
and incorporated into the regular U.S. 
Cavalry, taking part in the final U.S. Cav¬ 
alry Regiment review by Genera! Persh¬ 
ing and General Funston. During maneu¬ 
vers at Hidalgo, a rifle was fired with 
the muzzle not far from my left ear 
and I have consequently been deaf ever 
since. 

"During World War II I worked for the 
navy in the office of Voorhees, Walker 
and Smith, on drawings for several build¬ 


ings for the Brooklyn Navy Yard. I was 
a member of the Fairfield County Hunt 
Club and of the Ox Ridge Hunt Club 
in Darien, to keep up my riding and 
exercise. In 1952, upon my retirement, 
I designed and built a house in Lakeville, 
Conn., where I still reside and have 
taken up landscape painting as an avo¬ 
cation. The New Canaan Historical So¬ 
ciety has requested some of my archi¬ 
tectural photographs and landscape 
paintings for their archives.” We are very 
grateful to Walter for his continued in¬ 
terest in communicating news for his 
1907 classmates. 

Mrs. Sara Denison, widow of Orville B. 
Denison, ’11, has sent a most kind and 
encouraging letter congratulating the re¬ 
appearance of the 1907 class news col¬ 
umn. Mrs. Denison, whose husband was 
1911 Class Secretary, was able to witness 
first-hand for many years the difficulties 
that the duties of Class Secretary en¬ 
tailed. We appreciate Mrs. Denison's en¬ 
couragement and we know that, like her, 
many others are pleased to see the 1907 
notes again, but the initial response to 
our plea for news has waned. Please 
keep the '07 column thriving. Start off 
the new year by sending your news to— 
Kathy Sayre, Class Notes Editor, Tech¬ 
nology Review, M.I.T., Room E19-430, 
Cambridge, Mass. 02139 

08 

Rather than let an edition pass without 
class news I will volunteer a brief his¬ 
tory of the work of Joseph W. Wattles, 
3rd, during the past 63 years. When we 
graduated, the federal efficiency was at 
a very low ebb. I found work at the Saco- 
Lowell Shops in Newton, setting up cot¬ 
ton mill machinery. Soon after I trans¬ 
ferred to the F. W. Bird and Son paper 
mills in East Walpole to assist Mr. George 
Wyman in constructing and equipping a 
new factory for the manufacture of fiber 
cases. From there I transferred to the 
Stanley Works in New Britain, Conn., 
working in the office of the cost de¬ 
partment of this large hardware concern. 

The Boston Edison Company was then 
going into the steam heating business 
and I again transferred back to Boston 
as a clerk in this new department. From 
a meager beginning operating three 
small private boiler plants, overseeing 
their interconnection with street steam 
mains, and the supply of steam for other 
buildings along the street. This system 
grew to include the big Stuart St. steam 
generating station and a grid of steam 
mains supplying the entire city. In dis¬ 
continuing the small private electric 
plant generally, including hydraulic ele¬ 
vator installations, it was necessary to 
make comparative engineering reports of 
existing operating costs and the saving 
with central power and heat. This work 
lead to the establishment of a Commer¬ 
cial Engineering Division of the sales 
department of which I became the head. 
This new division soon included all fac¬ 
tories, hospitals and pumping plants 
within the territory served by this great 
company. Hundreds of engineering re¬ 
ports were made resulting in the adop¬ 
tion of central station power with under- 



New science building at Trinity Prep 
School, St. Petersburg, Fla., named in 
honor of George Witmer, '09. 


ground electric supply. The high tension 
underground power lines in duplicate ex¬ 
tended to the factory substation and 
served to provide power and lighting for 
the entire town where the factory was 
located. 

After 30 years serving in this capacity 
with six engineers and a secretary, a 
serious change became necessary. My 
father then in the sizing business for 
cotton mills had a heart attack and 
passed away. I had to give up the com¬ 
mercial engineering work with the Edison 
Company and take over the sizing busi¬ 
ness, going back to M.l.T. to study chemi¬ 
cal and mill engineering. During the fol¬ 
lowing 20 years in the sizing business 
the New England cotton mills either went 
out of business or moved south where 
the cotton grew. The prosperous business 
of the early days soon dwindled away 
as the mills moved south. The cost of 
shipping the heavy sizing south became 
prohibitive, and the sizing business had 
to be abandoned. I retired in 1960 and 
have since wintered in Florida and back 
to New England for the summer. 

Those members of '08 registered for 
the President’s Inauguration on October 
5 were Leo Loeb and Joe Wattles.— 
Joseph W. Wattles, Secretary, 26 Bullard 
Rd., Weston, Mass. 02193 

09 

In the class notes early In 1969 we told 
of George Witmer living in a health 
center in St. Petersburg, Fla., where he 
was "well taken care of.” In fact, he was 
feeling so well he said "all this watching 
over can be a nuisance. Call the nurses 
off." He quoted from a friend who had 
surgery for a broken leg and had several 
other disabilities. He asked her, “What 
is the worst disease?” and she replied, 
“Old age, because there is no cure for 
it." Later he told of having given a sci¬ 
ence building to the Trinity Preparatory 
School in St. Petersburg and he mused 
that even so no one would ever know 
anything of "George Witmer.” However, 
this accompanying photograph shows the 
entrance to the completed George S. 
Witmer Science Building with the name 
in bold letters. We congratulated George 
on the honor and the fact that his name 
will be perpetuated indefinitely. We well 
know of George's past generosity, not 
only to M.l.T. but to many other worthy 
causes. 
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We have received several notes from 
classmates giving us news about them¬ 
selves. From Dwight W. Sleeper, Newport, 
Vt.: “In my 84th year I am still traveling 
to various parts of the United States in 
the service of the various corporations 
who retain me to advise them in the pro¬ 
tection of their assets, and loss of earn¬ 
ings, and then I contribute all I earn from 
this to the support of schools and edu¬ 
cation of my grandchildren.” . . . From 
Edward P. Chapman, Cleveland, Ohio, in 
response to the appeal of the Alumni 
Fund: "I was struck by a stroke late 
1970 and had to turn my accounts to the 
bank. I seldom know how much money 
is available. The enclosed check ... is 
all I feel I can give. Good luck!” . . . 
From Herbert H. Palmer: "The older I 
become and with the limitations in get¬ 
ting about from place to place, my loyalty 
to M.l.T. and the Class of 1909 continues 
to be a delight.” . . . From Laurence 
Shaw, Cotuit, Mass.: “Lost my wife April 
25, 1971.” The class has expressed its 
sympathy to Laurence. As we have stated 
earlier, he has almost never missed a 
class reunion or an Alumni or Home¬ 
coming Day. We missed seeing him at 
our luncheon this past June. . . . Harold 
Paine graduated from Brown University 
before entering M.l.T. He was captain of 
the Brown hockey team and was a top 
player on the M.l.T. team. We can, there¬ 
fore, well understand the news item 
which he sent us from Florida: “Beat 
M.l.T. at hockey 2-0 when at Brown. Next 
year, beat Brown 2-0 when at Tech.” 

In the October-November notes we re¬ 
ported the death of Edward L. Ryerson 
in Chicago and told briefly of his career. 
Since that time the following further in¬ 
formation came to us: "Edward L. Ryer¬ 
son, 84, civic-minded chairman of the 
immense Inland Steel Co. between 1940 
and 1953, died in Chicago. Though he 
once claimed to resent the idea of being 
introduced or publicly identified as a 
representative of big business, he was 
one of the steel industry’s most promi¬ 
nent and articulate spokesmen. After his 
1953 retirement from Inland Steel Ry- 
erson's continuing participation in nu¬ 
merous Chicago community organizations 
earned him the title ‘Mr. Welfare’.” 

We received the notice of the death of 
Howard H. Dole of 4 Walker St., Portland, 
Maine, on June 9. In our records there is 
no information as to his career since 
leaving M.l.T.— Chester L. Dawes, Sec¬ 
retary, Pierce Hall, Harvard University, 
Cambridge, Mass. 02138 

10 

I am sorry to advise the class members 
that Erford M. Potter died on August 10, 
1971. 

Jack Babcock has sent in the following 
professional biography of Jim Tripp who 
died in Greensboro, N.C., on July 26, 
1971, after a brief illness. “James G. 
Tripp was born in Chicago, III., and took 
the civil engineering course in the class 
of 1910 at M.l.T. For a few years he was 
in the construction supply business in 
Southern California and was also oper¬ 
ating his own engineernig design service. 
But in 1917 he entered the field of ‘heavy 


construction’ which was to be his life 
work until his retirement in 1970. From 
1917 to 1930 he served as a contractor 
for himself or as general superintendent 
for prominent contractors in the con¬ 
struction of large dams in the western 
part of this country. In 1931 he joined 
Merritt, Chapman and Scott and M. C. 
Whitney, first as construction manager 
and then as vice president handling many 
construction bids on such projects as 
Hoover Dam, Panama Canal work, Mis¬ 
sissippi River docks and dams and 
dredging and bridge foundations. 

“In 1937 Jim opened his own con¬ 
sulting service for contractors, develop¬ 
ing bids for clients for many large dams, 
water supply tunnels, etc. World War II 
took him back into the field work which 
he always liked best. During that period 
he served as operating manager for the 
U.S. Maritime Commission on building 
concrete tankers and for large contrac¬ 
tors building naval bases and steel 
plants. After the war Jim again went into 
business as a consultant to contractors 
on preparation of bids and onsite advice 
on construction plant and methods. He 
carried on this work until his retirement. 
In this work he was involved in large 
and complex construction projects 
throughout the United States and many 
foreign countries. Jim wrote the section 
on ‘Concrete Batching, Mixing, Placing 
and Curing’ for the Handbook ot Heavy 
Construction. He also contributed articles 
on construction equipment and use to 
several engineering publications. 

“Jim was proud of his membership in 
the 'Moles’ (an association of engineers 
and contractors engaged in heavy con¬ 
struction) and received his 25-year mem¬ 
bership award in 1970. He was also a 
Life Fellow of the American Society of 
Civil Engineers. While living in New York 
City after World War II he was an active 
member of the M.l.T. ’1910’ group who 
lunched together quite often. He was one 
of the most loyal members of our class 
and attended our five-year reunions 
whenever possible. He will be greatly 
missed by his classmates. He is sur¬ 
vived by his son, also a civil engineer in 
the field of heavy construction, and his 
family with four grandchildren.”— Herbert 
S. Cleverdon, Secretary, 112 Shawmut 
Ave., North Weymouth, Mass. 02191 

11 

In addition to the information in the class 
notes for April, 1970, the following is 
taken from the Dartmouth Alumni Maga¬ 
zine for February, 1970: “Edward Kenway 
was instantly killed December 10, 1969, 
when struck by an auto. He was crossing 
the road to get his mail. Ed had suffered 
greatly with arthritis for many years and 
was living at his daughter's home in 
Sudbury, Mass. He was born in Newton, 
Mass., March 28, 1888, and prepared for 
college at Newton High School. He spent 
two years with us and transferred to 
M.l.T. He went with the United Shoe 
Machinery Co., Boston, in 1931. When he 
retired in 1955, he was Division Head, 
Sales Department. 

“He was a World War I army veteran 
and held membership in the Eliot Church 


in Newton, DeCordova Museum in Lin¬ 
coln, Fine Arts Museum in Worcester, 
Salisbury Mansion Associates in Wor¬ 
cester and Boston Badminton and Tennis 
Club. In 1912 Ed married Hilda Johnson 
in Boston. She died in 1948. Survivors 
include one son, three daughters, nine 
grandchildren, one brother and one sis¬ 
ter.” 

I seem to have little but bad news 
this month. Madeline Besse sent me a 
clipping from the New Bedford Standard 
that reads as follows: “Eldred E. Besse, 
83, of 36 Washington St., Fairhaven, died 
October 13 at St. Luke’s Hospital after a 
brief illness. Born in Fairhaven, he lived 
all his life there and was a member of the 
First Congregational Church of Fairhaven. 
He was past president of the Fairhaven 
Water Co. Besse was a member of the 
American Legion, Geo. H. Tabor Lodge 

A. F. and A.M. and was a graduate of 
Fairhaven High School and M.l.T. and 
was a World War I veteran. 

“He is survived by his widow; a son, 
Neil K. Besse of Sao Paulo, Brazil; a 
brother, Allen Besse of Fairhaven; a 
sister, Mrs. Peter Nelson of Centerville; 
two grandchildren and two great-grand¬ 
children.” 

A letter, now six months old, from 
Harry Tisdale tells of a trip he took 
last spring to visit a friend in Orlando. 
Like myself he is living alone in Ft. 
Meyers Beach and has a cleaning wo¬ 
man to help out. He is still cutting 
neighbors’ lawns.— Oberlin S. Clark, 
Secretary, 50 Leonard Rd., North Wey¬ 
mouth, Mass. 02191 

12 

We have all just concluded our Christmas 
and New Year’s holidays, and most of us 
are settling down quietly for the winter 
with its snow and sleet. The records 
indicate that there are 47 who are still 
living in New England, or nearly 40 per 
cent of the class. There are, however, 13 
men whom we know reside or usually 
winter in Florida, and at least 15 others 
who live in California or other locations 
with warmer temperatures, south of Vir¬ 
ginia. 

We have just discovered that the oldest 
member of the Class of 1912 is our only 
coed, Hattie Dora Frances Haub, who 
will be 91 next month on Washington’s 
birthday. This displaces Charles McCor¬ 
mack who will be 88 next May. Sorry, 
Mac. Hattie likes to say that she and 
George were born on the same day, if 
not the same year. She also enjoys say¬ 
ing that the people who like her call her 
Hattie, dear friend, and those who don't 
call her Hattie, darn fool. 

In 1899 she entered Stanford University, 
where she was elected to Phi Beta 
Kappa, and graduated in 1903 with a 

B. A. degree, majoring in physiology and 
histology. She planned to go into medi¬ 
cine but was discouraged by her sister 
and a doctor who said the life was too 
hard for a woman. So she decided to 
teach science in high school. In 1909, 
her dream of attending M.l.T. was rea¬ 
lized, and in 1912 she received her 
S.B. degree in Course V. She says there 
were but two women in the Institute at 
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Hattie D. F. Haub, '12 


the time; she was the only one in our 
class. 

Returning to California, she became the 
science department chairman at Oakland 
High School. Later she was appointed 
dean and then vice-principal at Piedmont 
High School, where she continued until 
retirement in 1941. She was presented 
with a California Secondary Life Diploma 
and a special Credential for School Ad¬ 
ministration. She wrote frequently for 
magazines and journals and was the 
author of a book, How to Teach Sec¬ 
ondary Chemistry. Dr. Joel H. Hildebrand 
of the University of California who wrote 
the foreword, stated, "Miss Haub's stu¬ 
dents have a superior enthusiasm and 
grasp of their subjects.” She treasures 
many letters of congratulation and com¬ 
mendation from those under whom she 
studied. 

Hattie was a charter member of the 
Berkeley Tennis Club and a great hiker, 
and has travelled throughout this country 
and Europe. In 1906, she walked across 
the state with a group, carrying pro¬ 
visions by mule team, to camp at Lake 
Tahoe. 

Hattie never married and some of her 
old dates might remember that she told 
them, “Well, it’s time to go now. I must 
study.” Since 1968 she has been in a 
retirement home due to accidents re¬ 
sulting in broken bones. For her age, she 
has excellent health and reads her news¬ 
paper every day. She is able to scoot 
about her rooms in her wheelchair and 
tend her plants. Only three years ago, 
she sneaked out of the home one after¬ 
noon to attend a football game nearby. 
She still has a distinguished appearance, 
fine features, clear blue eyes and snow 
white hair. Her wit and humor are still 
with her. According to her Aunt, Vera 
Stump, who sent me this information, 
she may well live to be one hundred. To 
you, Hattie Haub, “dear friend", the Class 
of 1912 sends its hearty greetings and 
very best wishes! 

Jonathan Noyes returned home to Texas 
in October after his usual vacation at the 
little town of Brooklin on the northern 


Maine coast. On his return trip, he spent 
a week in Andover, Mass., with Cy 
Springail and Marjorie. They are both 
much better and are “as peppy as ever.” 
After a stop in Wisconsin to visit three of 
his great-grandsons, he went over to 
Duluth, Minn., where he once lived for 
12 years. While there, Jonathan enjoyed 
a fine visit with Don Radford and Kate, 
from whom I have never received any 
word previously. He reports they are 
both in excellent health. He was un¬ 
able to contact Willis Salisbury, either 
at Minneapolis or Hungry Jack Lake. 
He must have been away on an ex¬ 
tended trip as usual. Jonathan says, 
"The important news in the Noyes family 
is that Lillian, our oldest daughter, was 
awarded a Ph.D. degree at the University 
of Texas, in September. The Noyes tribe 
now ‘has a doctor in the house’. Best 
of greetings to Helen and you.” 

George Sprowls writes, “I was sorry to 
hear of the passing of Joe Desloge. I 
took several canoe trips with him when 
at Tech and later we rode a river boat 
from St. Louis to Keokuk to inspect a 
dam on the Mississippi. He was a won¬ 
derful man. I am still active at golf, out 
every day. I still play with our ‘65’ club. 
Am still waiting to get official notice of 
the 60th reunion from our class presi¬ 
dent. How many do you expect? I surely 
appreciate your copious news in the 
Review which keeps me up-to-date on 
the activities of our classmates. Speak¬ 
ing of covered bridges, I saw one on a 
golf club in Hartville last week. Come 
out and I will show it to you.” 

Arch Eicher’s wife, Agnes, sent me the 
notice of the passing of Jack Lenaerts. 
She also writes, “Arch has been only 
fairly well of late. I doubt if we shall 
visit Florida this winter.” . . . Carl Rowley 
and Betty spent the fall in their cottage 
on Cape Cod as usual. . . . John Self¬ 
ridge advises, “My general health is, 
fortunately, good, though I now have 
‘wooden’ feet and am too heavy. I am 
still driving but my wife, Virginia, has 
developed permanent eye trouble, so I 
spend all of my time with her. Her 
general health is otherwise good, and 
she is able to get about. We celebrated 
our 57th wedding anniversary just re¬ 
cently. We are living in a wonderful new 
retirement apartment with some 300 fel¬ 
low residents, all ancient and honorable. 
We have been here for nearly two years 
and enjoy it greatly. We take no long 
trips but occasionally go to San Fran¬ 
cisco to shop and to lunch with friends. 
We also participate in the local activities. 
I maintain my Bohemian Club member¬ 
ship but rarely use it. We are most 
fortunate to have two of our families 
living nearby. Our oldest granddaughter 
has two children whom we see often. 
Our in-law grandchildren have five 
youngsters. We have two grandsons who 
are married but no children. Another 
granddaughter is a graduate nurse. Five 
of the other grandchildren (we have ten) 
are in school.” 

Our “old reliable”, Jim Cook, writes 
that he had just returned in late Sep¬ 
tember from a visit in Vermont with a 
retired former business associate. They 
visited other friends in the vicinity and 
enjoyed the beautiful Vermont country¬ 


side. “More cows than people and many 
• acres of corn.” Jim’s daughter, Mary, 
has been recently appointed assistant 
administrator of a Marblehead hospital. 
His other daughter, Sue, also married, has 
just completed five years at a Wolfeboro, 
N.H. hospital as a registered medical 
technologist. His grandson, James Harris, 
after returning from Vietnam, took the 
apprentice course at General Electric 
and is now happy with them in the tool 
work department. He was married in 
October. Jim says, "I hope to attend 
our 60th reunion in Cambridge, though 
it is difficult for a lame and deaf octo¬ 
genarian who cannot drive.” A picture of 
Jim appeared in the December Review. 

Walter Lang and Charles McCormack 
both sent me the obituaries of John 
Pettingell's passing. Walter adds, “I have 
nothing personal to write at this time. 
My wife and I are well and living quietly 
in the same old home watching the rest 
of the world whiz by." Mac says he took 
a trip this summer to his native New 
Brunswick and sent along a photo of 
the Hartland, N.B. covered bridge, the 
longest in the world. He says, “My old 
home was about one-half mile down the 
river from its west end. It was originally 
an open bridge of the Howe type, and 
was built by a neighboring contractor, 
Albert Brewer. It had seven 180-foot 
spans and was set on rock-filled crib- 
work piers. It was financed by local 
farmers and businessmen of the village, 
and for many years was operated as a 
toll bridge. My father was president of 
the company and also construction in¬ 
spector. The cost at that time, 1901, was 
but $27,945.” 

I was surprised and pleased to re¬ 
ceive a visit last week from Henry 
Babcock and his wife Ruth. They were 
on their way from their summer home in 
Goshen, Mass., and planned to visit 
friends near Washington, D.C., before 
leaving for California. Both are in good 
health. Henry is still active in consulting 
and is working on his second book, 
Valuation of Investment Property. They 
are planning to attend our reunion. 

We have learned belatedly of the death 
of Ralph Riddell over a year ago in 
Lakeland, Fla., from his wife, Augusta. 
Ralph was in our class for but one year 
in Course I. He was employed for a 
number of years with the Burroughs 
Adding Machine Co. in Burlington, Vt. 

All of us have received formal notice of 
the plans for our 60th reunion from our 
president, Albion Davis. This event, which 
may be the last of its kind, will be held 
on campus from Friday, June 2, through 
Monday, June 5, 1972. We have 
heard already from 42 men that they 
plan to attend if health permits, so with 
perhaps 16 wives, we believe there is 
a good probability of meeting or exceed¬ 
ing our quota of 40. Be sure to write 
Albion promptly if you have not already 
done so. We have a most enthusiastic 
class which is very gratifying.— Ray E. 
Wilson, Secretary, 304 Park Ave., 
Swarthmore, Pa. 19081 

13 

We hope you all had a "Merry Xmas" 
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and that Santa Claus was good to you. 
Also, Happy New Year and we hope you 
will enjoy 1972 in good health and spirits 
(both kinds). 

Phil Burt wrote us a very heartwarming 
letter: “I understand that May 23 has 
been proclaimed ‘Capen Day’, at which 
time you and your good wife are to be 
honored by your legion of friends in 
Canton. As one of your classmates at 
Canton High in 1909, let me add my 
congratulations and best wishes too. 
Your career in Canton has been a long 
and faithful one to the town and I know 
that when you leave for your ‘retirement 
home’ in Maine, you will be missed. Your 
hard work over the years has kept 1913 
in the forefront as one of the most active 
classes of the Alumni Association. Your 
class notes in the Technology Review 
have always been lengthy and informa¬ 
tive. Thanks for a good job well done, 
Phil, and again my best wishes to you 
and your wife. I hope that you have 
many happy years in Maine.” 

We appreciate receiving through the 
Alumni Fund Office several brief notes. 
Henry Glidden writes: “After seven weeks 
pursuing my hobby of water color paint¬ 
ing under the relaxing warm sun in 
Florida, am back into the old routine of 
cutting mats, making frames and entering 
art exhibitions in the south shore area of 
Massachusetts. Don't expect to get in 
to Alumni Day. Driving into a city has 
become something to be avoided. Give 
my warmest greetings to 1913ers that 
are there.” . . . Stanley Parker writes: 
"Louise and I are well and living quietly 
in Palo Alto. We are not doing as much 
travelling as we used to. Enjoy reading 
about classmates in class notes. Later 
Stanley adds: “I’m sorry to say that I’ve 
had to miss the '13 class reunions since 
our tenth at Eastham on the Cape. 
Afraid I wouldn't recognize my old class¬ 
mates now. I was interested to hear you 
were now at Biddeford. I used to spend 
two or three days a month there for 10 
years (’18-’28). Bill Eichorn was there 
part of that time. I have many fine mem¬ 
ories of shore dinners at Mrs. Flood's 
on the 'Pool' road and merry evenings 
with Bill in Portland.” 

Paul Rudolph prints: “Hi to Brewster- 
Capen Combo. Wondering if my class¬ 
mates are getting into the 80-year-old 
classification also? Hope they too are 
going strong." Yes, many of our class¬ 
mates are 80 years old or will be by 
early 1972. Many of them are going 
strong, but not too strong. The notes, 
letters, and comments are still being 
received with the dues. . . . Stanley 
Hodgman adds concerning 1973 reunion: 
"Doubtful health.” Buck up, Stan. Come 
east and enjoy our elixir of Massachu¬ 
setts. . . . Walter Muther, a hardy person, 
writes, "I survived a hernia and am 
mending easily, but the trouble on my 
right arm was much more troublesome. 
I’m sure I’ll live a little longer. See you 
in '72 if alive.” . . . Frank Achard adds: 
“Glad to have your address. I’ve been 
having a wild summer. I'll write you when 
I get a breath.” . . . Geoffrey Rollason 
can be depended on showing up at all 
reunions and he pens: “Am in between 
cataract operations, so please excuse 
scrawl. Can’t see too good with one eye 



Jim Brett, '13 (left) and Bill Mattson, '13, 
this past summer at the Mattson home in 
Golden, Colo. 


and not at all with the other. Hope you 
and Roz are going fine. We are not 
making plans too far ahead, but pretty 
good considering. Marguerite sends best 
to you both.” . . . Raymond Haynes re¬ 
marks: “Best regards to you and Mrs. 
Capen.” 

Hilding Carlson types: "Sorry to be 
late, but just returned from a summer in 
Scandinavia. The weather was beautiful 
and the trip over by ship was the calm¬ 
est crossing we have ever experienced. 
Can report that no one on the whole 
ship missed a single meal. Hope you 
and Roz are enjoying it in Maine. If we 
are around next year we’ll drop in for a 
visit. We usually summer in Milton, N.H., 
just a hop and a skip from you. Best 
regards.” . . . John Ladd adds: “I do not 
expect to attend our 60th reunion; it is 
rather too far from Florida. You have 
chosen a nice place to live. I used to go 
to Kennebunkport, Maine, summers.” 

William Mattson always comes through 
with a newsy letter. "Here is my check 
for my class dues. It is one bill I like to 
pay as it is the least I can do to show 
my appreciation for the wonderful job 
you both have done for the M.l.T. Class 
of 1913. And speaking of appreciation, 
let me tell you how your class notes 
helped me activate a wonderful friend¬ 
ship that had been dormant for many 
years. Clarence (Bunny) Brett (now 
called Jim) was one of my best friends 
when we were students at M.l.T. We 
founded a local fraternity that later be¬ 
came the Tech Chapter of Kappa Sig¬ 
ma—still going strong. We met only at 
class reunions and our business careers 
were wide apart. In February, 1970, Jo 
and I were in Mesa, Ariz., on a trip back 
from Texas. Years ago I remembered 
reading in your class notes that Mr. and 
Mrs. Brett had moved from New Jersey 
to Mesa, and later Mrs. Brett had died. 
Was Bunny still there when Jo and I 
arrived? Yes, he was. He had just re¬ 
married and we had a splendid reunion. 
Later that year (November, 1970) on our 
way to Los Angeles we stopped at their 
home in Scottsdale where they were 
then living and enjoyed their hospitality 
for several days. Then this year they 
planned an extensive auto trip through 
the middle west and the west coast and 
honored us by making our Colorado 
home one of their first stops. Jim had 


never been in this area and we took 
them to Central City (an old mining 
town). We stayed at a motel on the 
shore of Grand Lake (a beautiful spot), 
then over Trail Ridge Road (12,185-feet 
elevation), a world famous view of the 
Rockies. Then to Colorado Springs, the 
Air Force Academy, Garden of the Gods 
and the Broadmoor Hotel, etc. They were 
with us for ten days. Wish they could 
have stayed longer. So Phil, if I had 
not remembered your class notes, we 
might not have had these delightful vis¬ 
its with Jim and Garnet Brett. Many 
thanks for your interesting letter about 
your transition from Canton to Biddeford, 
Maine. For years I’ve known you were 
one of the leading citizens of Canton. 
You deserved all the dinners, gifts, and 
congratulations the town gave you, from 
the Mass. Governor, and all your many 
friends. Should my wanderings ever take 
me to Maine, I shall try to visit you and 
Roz in your new home. The location 
looks wonderful—near the ocean—and 
I wish you both lots of happiness and 
years of enjoyment. Let us know more 
about it in your class notes. I assume 
you will continue as class secretary and 
treasurer. Nobody can take the place of 
Phil and Roz Capen." 

Charlotte Sage surely upholds and lives 
up to the principles of "Women’s Libera¬ 
tion.” She is a great credit to M.l.T., and 
she writes: “It was good to hear from 
you, even with a bill, but such a nice 
little bill. I see you have moved, and I 
hope it is a happy and contented one 
for you and Roz. I never did thank you 
both for looking after me last June. 
Signing up for 73 is a delightfully opti¬ 
mistic deed. If transportation is provided, 

I really don't care where the great event 
takes place. My youngest family is back 
from Africa—settling in Worcester. If you 
come to Boston, let me know. Good luck 
and love to both.” . . . George Bakeman 
always sends us regularly a few bits of 
personal news: “Greetings from the 
Oaks. Hope all goes likewise well with 
you in Biddeford. Mollie and I just got 
back from visits with two of our daugh¬ 
ter’s families in Michigan and Wisconsin. 
Had hoped to get up to New England 
this summer, but various complications 
got in the way. Really must make a real 
effort again next year as my mouth 
waters for some fresh Maine lobster.” 

. . . Howard Currier states he will attend 
the 60th reunion with his charming wife. 
There will be transportation furnished 
even if we have to charter a bus. ... It 
is always a pleasure to hear from John 
Farwell and he writes: “Congratulations 
on your new address in Maine. I used to 
be in that area as a kid. Reunion June 
1973—I hope to be there if still perco¬ 
lating as at present. Right now never 
felt better. I vote for the Cape as al¬ 
ways. Nothing new with me hereabouts. 
Same routine, mowing fields, buildings 
maintenance, etc. Haven’t done any trav¬ 
eling, but might take a trip to Europe 
soon to see how they have been doing 
in my absence. With my very best." 

It is with a heavy heart that we must 
announce the passing of Edith (Robinson) 
Horner, Halsey Horner’s widow. She died 
in Wellesley, Mass., October 16, 1971. 
We shall offer to her survivors the con- 
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dolences of all of the members of the 
Class of 1913. . . . Keep your notes and 
letters as well as comments coming for 
Roz and Phil. We enjoy reading of your 
activities.— George Philip Capen, Secre¬ 
tary and Treasurer; Rosalind R. Capen, 
Assistant Secretary, Granite Point Road, 
Biddeford, Maine 04005 

14 

Ray Dinsmore wrote in late October from 
Akron in response to my appeal for 
news and reported on his activities since 
Alumni Homecoming Day last June. 
"When I returned from Boston it was 
my intention to go to my cottage in 
Winter Harbor, Maine, as soon as pos¬ 
sible because the caretaker we had had 
for years had died and there was un¬ 
certainty about his replacement. Also, 
neither I nor my dog like to travel in 
very warm weather. There is some 
country acreage here which has to be 
mowed at least twice a season to keep it 
in shape and this requires some skill and 
knowledge of the contour of the ground 
and ability to dodge trees and other 
obstructions with a Farmall Cub, so 
my spare time for nearly a week was 
spent on this job. Finally, I was able to 
set a date for going to Winter Harbor. 
In the last two or three years I have 
been fortunate enough to get a reliable 
young man to drive me back and forth, 
and this time I made the trip, part of the 
time in one of the worst thunder storms 
I have experienced. There, I found a 
number of repairs to be made inside 
and out and also that the prospective 
caretaker could not begin work until the 
end of the summer season, so I spent 
much more time than I would have 
wished trimming bushes, looking after 
my wife’s flower garden and doing 
housework. This, because it was imprac¬ 
tical to try to get anyone to do these 
limited, but to me disagreeable, tasks 
for me. Violet who cannot tolerate damp 
and foggy weather because of rheuma¬ 
tism, awaited my word that the weather 
had become warm and dry. This did not 
happen before I had to go home in early 
September. Once again the mowing and 
arranging for replacement of some old 
water pipes, which in turn entailed a 
considerable amount of cement work and 
tearing up of the lawn around the cot¬ 
tage. This month we sandwiched in a 
two-day stay in Cleveland at the A.C.S. 
Rubber Division International Meeting 
and a dinner of the Akron Council of 
Engineering and Scientific Societies 
where Pete Conrad, the astronaut on the 
second moon landing spoke. I had a 
chance to spend five minutes of very 
interesting conversation with him on the 
benefits of continuing space exploration.” 

Ray also sent a column about Walter 
Keith from the Akron Beacon Journal 
of October 17, 1971. After telling of 
Walt’s birth in Oconto, Wise., his boy¬ 
hood, and his study of chemical engineer¬ 
ing at M.I.T., the article continues, "The 
timing of his graduation in 1914 was 
significant, because it coincided with the 
greatest years of the rubber boom in 
Akron. Keith started in Goodyear’s ex¬ 
perimental department, the forerunner of 


what is now called research and develop¬ 
ment. First, the new men had to take an 
eight-week factory course, Keith remem¬ 
bers. ‘We learned about all the operations 
in the plant from washing rubber to tire 
building.’ Speaking of the years of ex¬ 
pansion that came after the outbreak of 
war in Europe, Keith said, ‘It was really 
a beehive in those days.’ And what was 
true for Goodyear was also true for 
Akron. 'I thought this was the dirtiest 
town in the world.' Keith was talking 
about the soot that covered everything, 
coming from the soft coal that was 
burned not only by the factories but by 
every home in the city. Into this sooty 
but exuberant atmosphere Keith in 1918 
brought a bride from Wisconsin, Fama 
Noyes. There was also a war-related 
trip to England to learn the British 
method of treating fabric used in airship 
and balloon manufacture. 'Because of 
the submarine danger, we traveled in a 
convoy and it took us 29 days to zig-zag 
across the Atlantic,' Keith recalls. The 
method of travel may have been tedious, 
but the experience only whetted Keith’s 
taste for travel. In later years he and 
Mrs. Keith would take many trips abroad 
which combined sightseeing with busi¬ 
ness as he developed export sales for 
his own firm. 

Keith’s company, the Hygienic Dental 
Manufacturing Co., had its beginnings 
some years after Keith switched from 
Goodyear to Seiberling at the time Sei- 
berling was formed. 'I always had an 
ambition to go into business for myself,’ 
Keith said, as he related his discovery 
of a small rubber firm in Michigan that 
was for sale. For 'a small sum of money' 
Keith bought the name Hygienic and the 
firm's supply of materials used in making 
rubber dentistry equipment. For some 
time Keith conducted his business from 
his home, developing a market while 
having his products processed at the 
Seiberling plant. Eventually he was able 
to buy his own machines and move into 
an office and build a new plant. Since 
then the plant has been expanded sev¬ 
eral times and employs over 80 people. 
There are about 50 products sold mainly 
to dental equipment manufacturers. 

Keith’s son Walter, Jr. (M.l.T. ’41) has 
become president and is ‘calling all the 
shots.’ But Walter Sr. counts his recent 
retirement as a mere formality as far as 
activity goes. He is a former vestryman 
for Our Saviour Episcopal Church and 
board member of the Salvation Army In 
charge of the Christmas campaign (‘They 
made me an honorary colonel,’ he said 
with a modest smile.) One dream he took 
up at a low stage and can now see it as 
a thriving part of the community is Akron 
Art Institute. He was persuaded to join its 
board when in the early '40s its mem¬ 
bership had declined to a lonely two¬ 
some. The long rebuilding began and he 
became the Institute's president for 14 
years. His consuming hobby is photog¬ 
raphy which tied in nicely for added sat¬ 
isfaction with his world travels. The 
Keiths’ latest trip was to Africa. 

Home for Mr. and Mrs. Keith is 516 Del¬ 
aware Ave. The home, the business, and 
the city must seem a great distance 
from the sooty surrounding of the past.” 
Ray adds that the article, “doesn’t do 


justice to Walter's skill as a photog¬ 
rapher. I have seen several of his travel 
pictures and in my opinion they would 
do credit to any pro.” 

Raymond MacCart divides his time be¬ 
tween an apartment in Washington, D.C., 
and one in Pompano Beach, Fla. Writing 
of the trip between his two residences, 
Ray says, “Driving 60-75 m.p.h. for three 
days has become quite a chore and I 
figured I should quit it while I was 
ahead. The trouble is that I may change 
my mind when the time comes to go 
again but I doubt I will, particularly since 
driving any distance, to me, is a very 
boring experience. I have nothing of 
interest to report as fortunately nothing 
unusual has occurred to upset the rou¬ 
tine which is my way of life." . . . Fred 
Hurlbutt wrote in October, from his home 
in Winnetka, III., that the state of his 
health has limited his activities. He's 
able, however, to play a bit of bridge 
at his club, and to golf three days a 
week in a cart. . . . Skip Dawson wrote 
in the fall, from his home in Pittsfield, 
that in July, 1970, he "suffered a nearly 
fatal automobile accident. I was uncon¬ 
scious for four days and only survived 
due to the great skills of a team of four 
surgeons and the ultra-modern facilities 
of our hospital—recovery is now almost 
complete.” . . . Bob Townend wrote me 
last October, "Recently our two daugh¬ 
ters joined us for a few days' trip through 
lower Vermont, New Hampshire and 
northern Massachusetts to see the au¬ 
tumn foliage and to visit my old stamping 
ground. If you do not mind a suggestion, 

I wondered if you could not canvass 
members of our class regarding what 
they have been doing since graduation, 
also perhaps information regarding their 
present hobbies or interests." I gladly 
adopt Bob's suggestion and pass it along 
as an appeal to everyone in the class. 
Whatever you can tell me will be most 
welcome; please include some informa¬ 
tion on marriage, children, grandchildren 
and, for special honorable mention, 
great-grandchildren. 

And lastly, Ray Dinsmore, as president 
of our class, wrote me on October 25, 
"Conforming with the recommendation 
of the Executive Committee and my own 
strong agreement, this is official notifica¬ 
tion that you are appointed Class Secre¬ 
tary until such time as officers are again 
voted for at the next class reunion." 

Corrected address: R. P. Dinsmore, 795 
Merriman Road, Akron, Ohio 44303; New 
address: Arthur W. Johnson, 400 N.E. 
20th St., Apt. 105C, Boca Raton, Fla. 
33432.— Charles H. Chatfield, Secretary, 
177 Steele Rd., West Hartford, Conn. 
06119 

15 

The Class Supreme supremes again! 
Blessed with a warm, bright, sunny day, 
our first class luncheon on October 15 
at the Faculty Club was a tremendous 
success. No night driving, so 21 of us 
appeared at noon for cocktails and then 
lunch. The old Pirate in his swashbuck¬ 
ling form led us with his rousing "we are 
happy". You will see that the long dis¬ 
tance men came out strong; Whit Brown, 
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Class of 1916 members at their 55th 
reunion in June, 1971, at Chatham Bars, 
Cape Cod: left, Frances Duff, Phil Baker, 
Emory Kemp and Paul Duff; center, 



Ralph and Sibyl Fletcher and Len Stone; 
right, Rose and Bob O'Brien, Honorary 
Member of the Class of 1916 and 1916's 
Reunion Chairman. 


Concord, Mass.; Larry Bailey, Bill Brack¬ 
ett and Ray Delano all from South Dux- 
bury; Evers Burtner, Kingston, N.H.; Jack 
Dalton and Pop Wood, Peterboro, N.H.; 
Fred Waters, Marblehead; Max Woy- 
thaler, Framingham, and the winnah— 
Ben Neal, Lockport, N.Y. What loyalty 
these fellows have. In addition present 
were Dinger Doane, Herb Eisenberg, 
David Hamburg, Clive Lacy, Horatio 
Lamson, Azel Mack, Archie Morrison, 
Harry Murphy, The Pirate, Gerry Rooney 
and Wally Pike. A fine group of old 
friends and classmates. Then, on the 
night before, Hank Marion called from 
Oklahoma City to send his regards to 
all. Wonderful! It’s impressive that many 
who could not come had interest and 
feeling enough to send regrets and re¬ 
gards: Jerry Coldwell (Vermont); Wayne 
Bradley (N.H.); Henry Daley; Larry Land¬ 
ers (in the hospital and we sent him a 
note signed by us all); John Dalton 
(Providence); Speed Williams; Sol 
Schneider (Bermuda); Jim Tobey, Larry 
Quirk (South America); Frank Parsons 
(Florida); Charlie Norton, Frank Murphy 
(Florida); Boots Malone; Joe Livermore. 
This noon-time meeting, eliminating night 
driving, was an outstanding success and 
we’ve agreed to have the future meetings 
at this time (except, of course on Alumni 
Day). 

Shortly after the class luncheon, I had a 
card from Larry Quirk in Buenos Aires: 
"I flew in here from Santiago, Chile, 
after two weeks on the west coast of 
South America. My next stop will be 
Sao Paulo, Brazil and then home on 
October 26.” Sounds like an exciting and 
strenuous trip for Larry. . . . Whit Brown, 
Jack Dalton, Clive Lacy and Max Woy- 
thaler attended the inauguration of Presi¬ 
dent Wiesner at M.l.T. on October 5. . . . 
Alton Cook writes: “I note there is to be 
a '15 luncheon in October but won’t be 
able to make it. Perhaps there will be a 
'gathering' of T5ers in the spring of ’72! 
For all practical purposes, I am now re¬ 
tired but go in about once a week to 
give my moral as well as technical sup¬ 
port. Give my best regards to all them 
’15ers who show at the luncheon." 

At the Fiftieth Convention of the Ameri¬ 
can Association of Textile Chemists and 
Colorists in Boston in October, I spent 
some pleasant time with John Dalton, 
who was honored as one of the charter 
members of the association. Formerly 


technical director of the famous Pacific 
Mills in Lawrence, Mass., John made a 
number of valuable contributions to the 
woolen and worsted industry. . . . Pop 
Wood was in a Canadian-American Lawn 
Bowling tournament at the Spalding Inn 
Club, Whitefield, N.H. Rather strenuous 
at his age. . . . Louie Young injured his 
back in a fall, but I’m glad to report he 
is getting better. Hurry up Louie and 
get well. So: how’s that for this month?— 
Azel W. Mack, Class Secretary, 100 Me¬ 
morial Drive, Cambridge, Mass. 02142 

16 

Now we'll start off the New Year, a 
Happy New Year, with the hope that our 
allotted space can take all the news we 
are receiving from our good old reliable 
correspondents. 

Dina Coleman wrote early in September 
from Lexington, Ky., "After worrying with 
unions for two years, I gave up and 
closed the brick plant, new kiln and 
all—saves on aspirin.” He says the plant 
has been leased to another group— 
“young and tough"—so he has hopes 
for success. In the meantime, Transyl¬ 
vania College, the Philharmonic and the 
Cerebral Palsy activities have appropri¬ 
ated the time thus released. He says: 
"It is amazing how many things these 
do-gooders can dream up for someone 
else to do—sometimes it interferes with 
bridge at the venerable Lexington Club.” 
. . . Gyps and Cy Guething say there 
was less than normal rain last summer; 
however, their “good old gardener" kept 
the garden watered while they were 
away in Boothbay Harbor so that early 
in September, Cy speaks of reaping the 
harvest of tomatoes and pole beans— 
50 poles, planted 10 at a time—"plenty 
of beans for the neighbors.” . . . Coke 
Flannagan writes from Inverness, Fla., 
that his wife Alma is having her 50th re¬ 
union, Florida State University, in Oc¬ 
tober in Tallahassee, not too far away. 
So they plan to take in the festivities and 
Coke expects she will be on "cloud nine" 
for several days. Then followed one of 
Coke’s stories, the kind that can be re¬ 
peated for years but are not candidates 
for the 1916 column. 

Virginia and Joel Connolly were de¬ 
lightful surprise visitors at your secre¬ 
tary’s home in Mountain Lakes early in 


October on their way from Tucson to 
their summer home in Brewster, Mass. 
Joel tells a little-known bit of history 
about the Bucentaur crossing the 
Charles River in June 1916. Apparently 
it was not expected that many of the 
faculty would take the boat ride, so a 
chorus of students, of which he was 
one, was formed and rehearsed to sing 
on the boat while crossing. However so 
many of the faculty did show up there 
was no room for the chorus. Hence the 
chorus sang on the boat at the Boston 
side, then jumped on the street cars to 
cross the bridge, and sang again on the 
Cambridge side as the Bucentaur ar¬ 
rived! 

We regret to report the death of Norman 
J. Thompson on September 25 at his 
home in Westwood. As mentioned in the 
Boston Globe, "He was responsible for 
the design and development of the auto¬ 
matic spray sprinkler and was one of 
the country’s leading figures in fire-con¬ 
trol devices. In addition to the automatic 
fire sprinkler, Mr. Thompson held the 
patents to several other processes re¬ 
lating to fire control. After he retired 
from the Factory Mutuals System In 
1959, he published a well-known book 
Fire Behavior and Sprinklers, widely 
used as an engineering guide and as a 
handbook for fire protection." He started 
with Factory Mutual in 1924, worked 
first as a research engineer, and later 
as director of the Factory Mutual Labora¬ 
tories. In 1957 he received the Distin¬ 
guished Service Scroll of the American 
Fire Protection Association. We will miss 
him. 

We are always glad to have the action 
comments of Dave Patten. In his Oc¬ 
tober letter he mentioned that a recent 
activity of his other than lawn mowing 
was “to attend the first fall meeting of 
the M.l.T. Boston Club luncheon, with Dr. 
Draper speaking, with the assistance of 
Doc Lewis. Few if any local ’16ers at¬ 
tend these winter monthly affairs so I 
usually sit with the Class of '15. I did go 
to the inauguration of our new President, 
Jerry Wiesner—luncheon, afternoon fes¬ 
tivities, and a buffet dinner to climax an 
interesting and well-managed M.l.T. 
milestone. We ran into Walt Binger and 
Hy Ullian and his wife at the inaugura¬ 
tion. Walt flew over from New York and 
looked very fit, having spent, so he said, 
a couple of hours in the saddle that 
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morning. The luncheon was accompanied 
with the announcement that there would 
be no speakers. However, none other 
than Senator Ted Kennedy had to get up 
and remind the assembled alumni and 
guests that it was his distinguished 
brother the President who selected 
Wiesner as his science director." 

Nat Warshaw continues actively in his 
chosen field with an article: “An Engineer 
Looks at Pallet Storage Racks,” pub¬ 
lished in the June-July issue of Today's 
Transport. In a subheading we read, 
"Development of modern warehouse sys¬ 
tem has not diminished the role of the 
rack. On the contrary, it is integral to 
most storage design. The author ex¬ 
amines in detail current innovation in 
rack construction.” ... Ed Hanford of 
Hammond, Ind., calls the reunion pic¬ 
ture “a real snappy photo of a pretty 
sharp group.” His daughter just gradu¬ 
ated from Indiana University, is getting 
married at the end of October, and will 
be an art teacher in the Hammond 
schools after November 15. . . . Dick 
Berger has a new letterhead, “Cancer 
Prevention, Inc." Bridgeport, Conn. In a 
recent letter he wrote: “Although I have 
no printed literature at hand at the pres¬ 
ent to substantiate the fact, it is generally 
recognized in scientific circles that all 
tars resulting from incomplete combus¬ 
tion are 'carcinogenic'—that is, cancer- 
causing to some extent—and therefore 
should be contacted or taken into the 
human system with moderation and cau¬ 
tion if possible.” 

Theron Curtis of Barrington, R.I., says 
his two sons and their families “are now 
near us on the Cape so we manage a 
semi-Disneyland most of the time." Off 
to Clearwater Beach, Fla., for four or 
five weeks in January and February is 
now their expectation. As for philosophy, 
Theron says, “Who knows what will 
happen next? We all live in hope and I’m 
lucky I have a gal named Hope to live 
with!” 

Another honor, the highest one yet, 
has come to your Secretary Harold 
Dodge (reported by his humble assistant 
for reasons that are no doubt obvious). 
Harold has been selected as the 1971 
Samuel S. Wilks Memorial Medalist by 
the American Statistical Association. The 
presentation was made at the 17th Army 
Design of Experiments Conference in 
Washington, D.C., on the evening of 
October 27, 1971. His acceptance speech 
was read by General Leslie Simon of 
Army Ordnance, as the effort and ex¬ 
citement attending his personal appear¬ 
ance was deemed unwise by his doctor. 
(However, Harold prepared the preceding 
notes for this issue so he is really on the 
mend.) The following is from a letter in¬ 
forming Harold of his latest honor 
(snitched by ye scribe), “The American 
Statistical Association, in cooperation 
with the Army, established the Samuel S. 
Wilks Memorial Medal in 1964 to honor 
the memory of Samuel S. Wilks and the 
extensive contributions he made toward 
the application of mathematical statistics 
to problems related not only to those of 
the Army, but to the U.S. Government 
and to the country as well. It is our de¬ 
sire to recognize more formally the multi¬ 
tude of significant contributions you have 


made to the field of statistics in general, 
the design and analysis of sampling 
inspection plans and criteria, including 
chain sampling, your numerous contri¬ 
butions to A.S.O.C. and A.S.T.M., the 
teaching and promotion of statistics, and 
the leadership you have shown over the 
years by presenting you the 1971 Wilks 
Memorial Medal." 

Do write us often, even if only a little, 
to keep the pipeline filled.— Harold F. 
Dodge, Secretary, 96 Briarcliff Rd., Moun¬ 
tain Lakes, N.J. 07046; Leonard Stone, 
Assistant Secretary, 34-16 85th St., Jack- 
son Heights, N.Y. 11372 

17 

Acting on the Northfield-made decision 
to have our 55th Reunion on Monday, 
Tuesday and Wednesday, Tubby Strout 
reports that arrangements on that basis 
are well in hand. He recently saw the 
management at Chatham Bars Inn and 
all Tubby now wants are your sugges¬ 
tions of what you would like to have and, 
most importantly, your presence June 5, 
6 and 7. Some detailed information is 
being prepared. 

The Lunns and the Dunnings were 
pleased to be guests of the Class of 
1918 at its one-day reunion held in Oc¬ 
tober at Endicott House. Please read the 
adjoining 1918 notes and learn of this 
very pleasant affair. 

Two “regulars” were absent at North- 
field, Ray Maeder and Miles Demond 

and were missed. They have reported 
temporary illnesses as the reason. A 
good letter from Ray Brooks indicates 
progress in his recuperation and ex¬ 
presses his thanks and appreciation for 
the thoughts and expressions from many 
of the Class. He mentions particularly 
the many-signatured card via Northfield. 
Another "regular,” Clarence Seely, had 
to cancel because of work interference. 

Each year the Alumni Association recog¬ 
nizes outstanding performances of alumni 
by issuing citations. This year the re¬ 
cipient of a Presidential Citation is 
Tom Meloy for his service on the Wash¬ 
ington, D.C. Alumni Fund Area Council. 

In addition to the news mentioned in 
the October/November notes that had 
come Joe Littlefield's way there is more. 
While maneuvering a boat onto its trailer 
he pulled a shoulder muscle resulting 
in his arm being put in a sling. This 
didn’t help his commuting to a special 
three-day-a-week job for the Southeast 
Banking Corp., in Miami. 

The Florida migration has started: 
George Duryea to Lake Wales, Larry 
Gardner to New Smyrna Beach, Ken 
Lane to Miami, Ray Stevens to Naples 
and John Holton to Casey Key. . . . 
Acknowledgement is made to the follow¬ 
ing who by letter or card have ex¬ 
pressed best wishes, remembrances 
and in many cases intentions to attend 
our 55th; Adams, Abele, Abels, Batschy, 
Carter, Clayton, Chisholm, Collins, Crane, 
Curtin, Dickson, Gillespie, Hall, Holt, 
Kenigsberg, Krug, Ben Lewis, Joslin, 
Moody, Panettiere, Payne, Pond, Rogers, 
Sterner, Turner, Bill Tuttle, Venable, 
Waite, Wells, and Whitney. 

Dick Loengard also had to miss the re¬ 


union but he held forth at the monthly 
October luncheon with 1916 at the Chem¬ 
ists' Club, New York on the 14th. He, 
Ed Aldrin, Neuberg and Seely outnum¬ 
bered the ’16ers. These lunches are 
scheduled for the Thursday of the first 
full week of a month. If you are in town 
you will be welcome. New word from 
Dick says that only he and Seely got to 
the November lunch. The big M.l.T. get- 
together at the Metropolitan Museum of 
Art made for a good evening but Dick 
did not see any other ’17ers there.— 
Stanley C. Dunning, Secretary, 6 Jason 
St., Arlington, Mass. 02174; Richard O. 
Loengard, Assistant Secretary, 21 East 
87th St., New York, N. Y. 10028 
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October 17 was a glorious autumn day 
with the fall foliage at its best and warm, 
late summer sunshine at the lovely 
grounds of Endicott House, for the sec¬ 
ond mini-reunion of 1918. We were par¬ 
ticularly fortunate to have President 
Jerome Wiesner as our speaker, who 
was made an honorary member of our 
Class of 1918, with a suitably inscribed 
scroll. His talk was most interesting and 
informal, followed by a question and 
answer period. Among his observations: 
(a) Today’s students are more seriously 
concerned about their future and ca¬ 
reers offering financial security after 
graduation, (b) Most students no longer 
support the small radical minority where¬ 
as two and three years ago, they were 
sympathetic to them, (c) The curriculum 
is flexible and offers many options but 
hard work and serious study are still 
needed to get a degree, (d) Student and 
faculty participation are encouraged on 
problems common to all but final de¬ 
cisions are heavily weighted by the ex¬ 
perience of the administration. We felt 
reassured that M.l.T. affairs are in ex¬ 
tremely capable hands. In addition to 
members of our class, our guests in¬ 
cluded the Ken Brocks and the Panos 
Spiliakoses of the Alumni Office. We 
were also happy to greet the Al Lunns 
and Stan Dunnings of the Class of 1917, 
and the Paul Sheelines and Ben Bristols 
of the Class of 1919. It is our hope that 
in succeeding years this mini-reunion 
will be expanded to include all members 
of these three classes. 

The following ’18ers were present: 
Julie Avery, John Markham, Sam Cham¬ 
berlain, John Kilduff, Herb McNary, Al 
Grossman, Clarence Fuller, Charlie Watt, 
Len Levine, John Kiley, Eli Berman, Ted 
Braaten, Pete Harrall, Tom Brosnahan, 
Max Seltzer, with their wives, and Sax 
Fletcher, Charlie Tavener, Julie Howe, 
and Jorge Pena Polo. Again the prize 
for coming the greatest distance goes to 
the Harralls from Maryland. As I think 
back to this delightful afternoon—relax¬ 
ing, sociable and informative—I take 
great pride in being part of this group. 
Looking back over 50 years, I see them 
as youngsters—eager beavers working 
hard to make something of themselves. 
Now they are the finished product and 
I like the way they deport themselves. 
They get up on their feet and express 
themselves asking searching questions 
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Class of 1918 at their "mini-reunion” on 
October 17, 1971 at the Endicott House. 
(Photo courtesy of Samuel V. Chamber- 
lain, '18) 

and in turn answer them. They are solid 
citizens doing their part in their own and 
in many ways in their respective com¬ 
munities. Yes, I like these men and the 
gracious and lovely ladies who have been 
their companions these many years. A 
number of you wrote from more distant 
points expressing regrets at being un¬ 
able to be with us on October 17. Frank 
Wells just finished a bout in the hospital. 
We hope he is now completely recovered. 
Among others was a newsy letter from 
Ned Longly and a card from Granny 
Smith from Sarasota, Fla. He just re¬ 
turned from six weeks in Europe and is 
currently vice president of the local M.l.T. 
club. He asks all '18ers to call him at 
813-924-5076 when travelling in this re¬ 
gion. 

An article appeared in the Boston 
Herald of November 7, describing the 
"Flying Cloud.” The principal illustration 
was a drawing from a study of early 
prints, records and models of the ship 
by F. Alexander Magoun. 

In the previous issue of the Review we 
reported the death of Clarence Hanscom. 
Thanks to Charlie Tavener, who lived 
three doors away from him until gradua¬ 
tion, we include the following review of 
his career. 

"Clarence Dean Hanscom of Bed- 
minster, N.J., died May 4 at his home in 
Cuernavaca, Mexico, at the age of 76. 
He and his wife were proprietors of a 
successful antique business visited on 
occasion by art experts and at the time 
of his death he was at work writing a 
book on early American glass. 

"Retired in 1960, Mr. Hanscom was em¬ 
ployed for 36 years with Bell Telephone 
Laboratories in New York, first in power 
and telephone equipment design and 
later in publication of technical articles, 
books and lecture aids. He is credited 
with several patents in telephone switch¬ 
ing and signalling. 

"Possibly the experiences he best liked 
to relate, however, came early in his 
career. After graduating from Harvard 
College in 1917, he became an assistant 
wind tunnel chief at M.I.T., from which 
job he was hired by the Glenn L. Martin 
Co. airplane builders, where he designed 
for World War I flying ace General Billy 
Mitchell, a bomber to be used against 
navy ships. Several months later the 
plane, whose particular design was 


needed to carry the then unusual weight 
of a ton of bombs, was used successfully 
in various bombing attacks on several 
battleships. Navy admirals however, were 
against the experiment and denied the 
effect of bombing and the argument re¬ 
sulted in Mitchell's court martial. Mr. 
Hanscom used to say that the issue was 
never really settled until World War II 
proved Mitchell was right, and added 
that there were a lot of things about 
the tests that never came to light. After 
this Hanscom tried to organize an air 
express between New York and Chicago 
with the cooperation of the American Ex¬ 
press Co., but he said, ‘We couldn’t get 
the venture going. Flying was a little too 
unpopular in those days. Lindbergh 
hadn’t yet flown the Atlantic.'" Hanscom 
is survived by his wife Mrs. Marcellite 
Hanscom. 

We sorrowfully record the death of 
Norman H. Hamilton of Williamsburg, 
Va. . . . Walter Biggar can be reached 
at P.O. Box 1225, Jensen Beach, Fla. 
33457.— Max Seltzer, Secretary, 60 Long- 
wood Ave., Brookline, Mass. 02146; 
Leonard I. Levine, 519 Washington St., 
Brookline, Mass. 02146 
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It is with profound sorrow that I must 
announce the death, on October 28, of 
one of our most admired and beloved 
classmates, Homer Howes of 35 Lake 
Forest, St. Louis. Homer, stricken with 
polio when an undergraduate and unable 
to get around without extreme effort, 
surmounted all obstacles and made an 
outstanding success both in business 
and in his personal life. He became vice 
president and director of Bemis Brothers 
Bag Co., served as president of the Tex¬ 
tile Bag Manufacturers Association and 
as a trustee of Fisk University. Despite 
his handicap, he traveled extensively 
with his charming and devoted wife, 
Vera, whom many of you will remember 
from their happy visit to the 50th Re¬ 
union. Vera writes of their mutual en¬ 
joyment of that great occasion and men¬ 
tions Homer’s deep and abiding interest 
in the Institute. The Class suffers a 
grievous loss at the passing of this dis¬ 
tinguished and courageous classmate. 
He has been a constant source of in¬ 


spiration for us all. 

Through the courtesy of George Bond, 
'19, I am able to report the death of Ki 
Kee Chun who passed away nearly a 
year ago. Ki had been living in Los 
Angeles. His wife’s death preceded his 
by about one year. Ki will be remembered 
by all who knew him as one of the 
friendliest and most lovable of charac¬ 
ters. I retain a vivid memory of his in¬ 
fectious good humor and warmly affec¬ 
tionate nature. I had tried for years to 
locate and get in touch with him but to 
no avail. He had been a classmate of 
George Bond at Tech High School in 
Springfield, Mass., which accounts for 
George’s thoughtful note. 

Gladys and Foster Doane continue in 
their constructive and glamorous travels. 
They have recently returned to their home 
in Neenah, Wis., from a lengthy stay in 
Europe. They started at Vienna where 
Foster was a panel member at the meet¬ 
ing of the United Nations Industrial De¬ 
velopment Organization concerning the 
promotion of the pulp and paper Industry 
in developing nations. As many of you 
know, Foster is a world renowned au¬ 
thority on the subject. The Doanes then 
visited Torremolinos, Spain, for a meet¬ 
ing on the use of bagasse as a material 
for pulp and paper. They then visited 
Mallorca, Milan, Lugano and Zurich, then 
on to Prague and Bratislava where Foster 
was the guest of Czech Pulp and Paper 
Research Institute. They wound up at¬ 
tending a meeting of the European Pulp 
and Paper Association in Budapest, stop¬ 
ping on the way home at Brussels. 

Two of our classmates, formerly both 
prominently associated with the U.S. 
Navy, are Rear Admiral Donald Royce of 
Meadow Rd„ Riverside, Conn., and Com¬ 
mander Melville Powers who lives in 
Whispering Waters Apartments, Winter 
Park, Fla. . . . Whitney Swift, who taught 
mathematics at Groton School, is in An¬ 
dover, Mass., at 50B, Washington Park 
Dr. . . . We remember trying unsuccess¬ 
fully to get in touch with Sam Schenburg 
who distinguished himself as director of 
science for the New York City Board of 
Education. The Alumni Office now as¬ 
sures me that Sam is at Oceanside 
Plaza, 5555 Collins Ave., Miami Beach. 
Say ’hello’ to Morris Lipp for us, Sam.— 
Harold Bugbee, 21 Everell Rd., Win¬ 
chester, Mass. 01890 
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Happy New Year! With 1971 a time of the 
past, its wonderful 50th Reunion still a 
fond memory, but its sadness occasioned 
by the loss of our Class President and 
other classmates, we enter a new year. 
May it treat you kindly! 

Salute 

Carole A. Clarke, our Secretary-Treasurer 
for the past 25 years, announced his re¬ 
tirement from those duties in signing off 
in the December class notes. He had 
reluctantly agreed to another five-year 
term when approached by the nominating 
committee last May, feeling that with 
Ray St. Laurent accepting another term 
as President, he too should continue his 
close relationships with Ray and the 
Class. Cac well deserves relief from 
these duties after 50 years of meeting 
deadlines for class notes. His record and 
interesting columns were unsurpassed. 
He was awarded the Bronze Beaver in 
1955 by the Alumni Association, and the 
Outstanding Alumnus Award from the 
M.l.T. Club of Northern New Jersey in 
1966. Speaking of beavers he also was 
awarded a Silver Beaver from the Eagle 
Rock Council, Boy Scouts of America in 
1956. Cac, we salute you and we thank 
you! 

Your new Secretary also feels that a 
salute is in order at this time to Maxine 
Clarke. A professional artist and art 
teacher, she has had a number of one- 
man shows of her paintings. Currently a 
number of her paintings of Mexican 
scenes adorn the walls of the Brielle 
Public Library. They are delightful. 

Changing of the Guard 

With the death of our Class President and 
resignation of our Secretary-Treasurer, a 
new line-up of class officers has evolved: 
President, Irving D. Jakobson; Vice Presi¬ 
dent, Edwin T. Steffian; Secretary, Sum¬ 
ner Hayward; Treasurer, A. Royal Wood. 
As back-stop for Ray St. Laurent, Irv 
Jakobson took over his duties and re¬ 
sponsibilities in September and one of 
these early duties was to provide a back¬ 
stop for himself and to fill the other 
officer vacancies. 

Ted Steffian will continue as co-chair¬ 
man of our 55th Reunion. He is still 



working as president of Steffian, Steffian 
and Bradley, Architects. This firm is In¬ 
volved in a number of changes in the 
Boston skyline as pointed out to your 
Secretary one day last June from atop 
McCormick Hall. Incidentally, Ted's son 
John was promoted to Associate Pro¬ 
fessor in the School of Architecture ef¬ 
fective July 1, 1971. Our congratulations! 
. . . Roy Wood will be recognized as the 
treasurer of our 50th Reunion. He is the 
retired vice president and secretary of 
the United Illuminating Co., New Haven, 
Conn., and a C.P.A. employed at one 
time by Lybrand, Ross Brothers and 
Montgomery, Public Accountants, Boston. 

Fellow Travelers 

Cac has turned over notes and numerous 
letters accumulated over the past sum¬ 
mer for use in this column. Traveling 
has been a major activity in this class 
and bids fair to continue. Three class¬ 
mates and wives went to Alaska: the 
Wallace Adamses, the Albert Genaskes 
and the Dugald Jacksons. A card from 
Wally showed a number of musk oxen 
being raised by the University of Alaska 
as a wool-raising project, hopefully for 
use in a new economy in Arctic coastal 
villages. Al Genaske left on an A.A.R.P. 
tour just as our reunion was starting 
and so missed reunion. He wrote a most 
interesting diary of their tour for which 
classmates might want to write if contem¬ 
plating an Alaskan trip. Highlights: the 
cruise from Victoria to Ketchikan, Juneau 
and Skagway; fjords, icebergs, the Sour¬ 
dough Restaurant, Gold Rush Cemetery; 
his dancing in Indian ceremonial dances; 
panning for gold—Al got five cents worth 
after panning half an hour. . . . Dug Jack- 
son writing on August 19 from Seattle 
before starting their trip, gave his itin¬ 
erary, which covered most of the places 
visited by the Genaskes. One big dif¬ 
ference was that the Jacksons went by 
motor coach from Seattle to Fairbanks. 
Tell us more, Dug, now that your trip is 
over. 

Dorothy and Joseph Wenick left for 
Russia just three days after reunion to 
visit their son Martin who is political aide 
to the American ambassador in Moscow. 
The Wenicks had a two-room suite in 
the Ambassador’s residence where 
Martin also has his bachelor’s quarters. 
Joe told of the great love of the Russian 


Carole A. Clarke, '21 

people for music, ballet and the circus. 
The Wenicks saw the Bolshoi Ballet in 
the huge new Palace of the Congresses 
that seats 6,000. They also attended the 
circus in the new 2,000-seat circus build¬ 
ing. Joe says "the circus performs every 
night in the year to a full house.” Joe 
was impressed by the tremendous 
amount of new construction in Moscow— 
huge cranes everywhere and 25-story 
apartment houses a block long. Back 
home, Joe attended the funeral of Chan¬ 
cellor Paul Gray’s father in Livingston, 
N.J., on October 21. He represented the 
M.l.T. Club of Northern New Jersey and 
the Class of 1921. Our sympathy is ex¬ 
tended to Dr. Gray. 

A card dated August 1, 1971 from San 
Luis Obispo, Calif., told of those intrepid 
travelers, Madeline and Ralph Shaw so¬ 
journing in Colorado and California and 
heading for Hawaii. Madeline was a life- 
saver at our reunion when during a long 
delay at one dinner she sat down at the 
piano and went through a dazzling rep¬ 
ertoire of old-time favorites, to the ac¬ 
companiment of various off-key male 
songbirds. . . . Saul Silverstein took off 
for his Safari, number 32, on September 
6, 1971 to visit 19 cities and just about 
every country in South America. He 
hoped to visit with classmates along the 
way during his 48-day journey. ... A 
note from Augustus B. Kinzel reported 
that he was a principal speaker at the 
meeting on "Future Trends, Biomedical 
and Physical” of the International Sci¬ 
ence Foundation in Crete in August. . . . 
Eddie and George Gokey took a "quick¬ 
ie” vacation in Mallorca, Spain in late 
September and says It is a gloriously 
relaxing place to stay. "Now many fall 
chores await me," he says. 

Graciela and Helier Rodriguez of 
Tampa, Fla., went to Cape Cod right 
after reunion and spent three days with 
the Robert F. Millers at West Chatham. 
While there, Helier was a guest at the 
Orleans Coffee Club and was invited to 
discuss "Cuba Today." Bob Miller re¬ 
ports "This fine informative talk was well- 
received.” Other club members are 
George Chutter and Donald B. McGuire. 
Leaving Cape Cod the Rodriguez' drove 
to Montreal where they met the Viviano 
Valdes' of Mexico City and then con¬ 
tinued on to Ottawa and Toronto as a 
foursome. ... On their return Helier and 
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Graciela stopped to see Robert S. Cook 
in Canandaigua, N.Y. Bob was unable 
to attend reunion because of his health. 

Your Secretary took a somewhat un¬ 
usual three-week jaunt to Switzerland, 
leaving July 15 with ten friends from 
New Jersey and Ohio. Primarily a high- 
altitude hiking trip in southern Switzer¬ 
land, we gloried in the alpine flowers, 
the well-kept trails and continuous vistas 
of snow-capped mountains and glaciers. 
Total distance hiked was about 100 miles. 
Can any classmates top this in 1971? 
Lest anyone get the wrong idea, it must 
be said that hiking was slow-paced and 
involved no real mountain climbing. 
Chair lifts or cog railways took us to the 
higher altitudes. 

In Memoriam 

Sadly we record the loss of three of our 
classmates and extend the sympathy of 
the class to their survivors. . . . Raymond 
C. Fisher, 5109 N.E. Latimer Place, Se¬ 
attle, Wash. 98105, died on August 13, 
1971. Born in Tacoma, Wash., in 1899, 
he attended University of Washington and 
transferred to M.l.T. in his junior year. 
He earned his master's in Course Vl-A. 
During World War II he was a researcher 
for the navy in underwater acoustics in 
San Diego. He retired in 1958 from 
Boeing Co., where he was employed as 
an engineer. He leaves his wife, Margery, 
a brother L. Donald Fisher and a step¬ 
son, Donn Charnley. We are indebted to 
Dugald Jackson for this information. . . . 
Carl W. Hammond, 1107 Mariposa Dr., 
Vallejo, Calif., 94590, died after a long 
illness from cancer on September 1, 
1971. Carl had been warned by his doctor 
against attending our 50th Reunion but 
he was determined to come and he did. 
Resplendent in red jacket, he attended 
the various reunion gatherings. Carl and 
his wife, Henrietta, added greatly to the 
festivities. Carl was born in Boston In 
1898, attended Quincy High School, and 
graduated in Course II from M.l.T. as an 
undergraduate, he was a member of 
Lambda Chi Alpha, the Mechanical Engi¬ 
neering Society and Masque. He retired 
in 1968 as safety engineer for the Mare 
Island Naval Shipyard. Previous business 
associations were with Worthington 
Pump, Bethlehem Shipbuilding, Travelers 
Insurance and Lockheed Aircraft. He 
leaves his wife, two daughters and four 
grandchildren. . . . Henri P. Junod, 17600 
S. Woodland Rd., Shaker Heights, Ohio 
44120, died on October 6, 1971. He had 
planned to fly to Boston to attend Presi¬ 
dent Wiesner’s inauguration the next 
day. Harry was born in New York City 
in 1900, attended Salisbury School in 
Connecticut and got his S.B. in Course 
IX-B. A track man at M.l.T., he once 
tied the world's record for the indoor 
60-yard-dash. He was Class Secretary in 
our senior year, and worked on the Tech 
and Technique. During World War I he 
joined the Royal Flying Corps of Canada 
and became a lieutenant. He started 
work for Pickands Mather and Co., in 
Cleveland in 1923 and at retirement in 
1965 was vice chairman of the board and 
chairman of the executive committee. 
Harry was active in many community 
and civic affairs and was a member of 
the Corporation Development Committee 


at M.l.T. He attended our 50th Reunion 
and seemed to enjoy it to the full. He 
leaves his wife Gertrude and his son 
Henri Jr. 

The Carole Clarkes report stopping 
overnight with Helen St. Laurent, 47 
Gerard St., Manchester, Conn. 06040. 
Irv Jakobson also stopped by to see 
Helen early in October. Helen hopes 
that others will stop by, write, or phone 
203-643-6056. 

Over the years you loyal '21ers have 
been wonderful in the way you corre¬ 
sponded with and supplied news items to 
Cac Clarke. Please keep it up with your 
new Secretary!— Sumner Hayward, Sec¬ 
retary, 224 Richards Rd., Ridgewood, 
N.J. 07450 

22 

The good news centers about our 50th 
Reunion in June 1972. You may have 
read of the tremendous results attained 
by the Class of '21 equalling our record- 
breaking 40th Reunion gift. You have 
read Parke Appel's October letter urging 
further efforts in the coming months. 
You will be receiving new plans for the 
reunion as the weeks roll along. Parke 
reports the Inauguration of Paul E. Gray 
as "Festive days at Tech. Katherine and 
Dale Spoor came from Richmond and 
stayed with us. We joined Louise and 
Don Carpenter at the Ritz-Carlton be¬ 
fore attending a musicale at Kresge. We 
enjoyed a concert which was devoted to 
all music lovers. We were lovers for 
most of the numbers but some were too 
modern for these old folks. Next day a 
very impressive inauguration took place 
at which Archibald MacLeish read an 
original poem which he wrote for the 
occasion. It was very moving. (See page 
13, December Review.) We had a nice 
luncheon, reception and dinner as well. 

I saw the following classmates at various 
intervals of the program: Louise and 
Don Carpenter, Katherine and Dale 
Spoor, Mary and Oscar Horovitz, Roy 
Lamson (our current Class of 1922 Pro¬ 
fessor), Fearing Pratt, Bob Tonon, Ab 
Johnson, Warren Ferguson, Saul Copell- 
man and Yard Chittick. The Spoors left 
on a flight to Spain, Portugal and Ma¬ 
jorca last Monday to be gone three 
weeks. They are coming back to see us 
briefly when they return so that Dale may 
attend a dinner meeting at the Endicott 
House on November 2, similar to 
the New York meeting but with Jerry 
Wiesner as the speaker. I have invited 
and expect that Saul Copellman, Dale 
Spoor, Yard Chittick and Fearing Pratt 
will attend with me. 

"I want to thank you for your prompt 
reply with the check and questionnaire. 

I have now heard from about 60 class¬ 
mates and they have very generously 
sent in about $850 so far. This will help 
a great deal in the preliminaries of pub¬ 
licity and commitments that have to be 
made far in advance. We are going to 
have a top-drawer affair that will be long 
remembered by our Class. The Alumni 
Association fellows estimate that we will 
have 275 classmates attending with 225 
wives. If this proves out it will be the 
largest Reunion of any Tech Class." 


F. J. Roethlisberger retired from the 
Harvard Business School in 1967 and 
has since been engaged in writing. He 
is the Wallace Brett Donham professor 
of Human Relations, Emeritus. . . . Lloyd 
A. Elmer is enjoying the good life at 
Summit, N.J. and working at Farleigh 
Dickinson University. He has decided that 
his most useful study at M.l.T. was ap¬ 
plied mathematics and theory of elas¬ 
ticity by Professor Charles E. Fuller. 

Our registrants list of class members 
at the president's inauguration include 
Parke D. Appel, Professor Edward L. 
Bowles, Donald F. Carpenter, Lee W. 
Carroll, C. Yardley Chittick, Saul J. 
Copellman, Warren T. Ferguson, Oscar 
H. Horovitz, Abbott L. Johnson, Ronald 
G. MacDonald, Theodore T. Miller, Fear¬ 
ing Pratt, Samuel Reynolds, Dale D. 
Spoor and Robert Tonon. . . . The sym¬ 
pathy of the class is extended to the 
families of Floyd J. Wilson, Ontario, 
Calif.; James A. McDonald, Belmont, 
Mass.; Henry R. Haines, Visalia, Calif.; 
and Donald R. Goodnow, Leominster, 
Mass. 

The changes of address received this 
month include David M. Broudy, New 
York, N.Y.; Herbert C. Ham, Pittsfield, 
Mass.; Oscar H. Horovitz, Pompano 
Beach, Fla.; Maxmilian W. Killars, La¬ 
guna Hills, Calif.; Seward W. Livermore, 
Washington, D.C.; James K. Macomber, 
Centerport, N.Y.; William G. Rapp, Larch- 
mont, N.Y.; Lt. Col. Walter H. Sitz, Chevy 
Chase, Md.; Charles H. Taylor, Cranston, 
R.I.; Lee D. Warrender, Naples, Fla. and 
Lester A. Williams Silver Spring, Md. . . . 
Winter greetings to you all in your varied 
summer, winter, sunny or icy locations. 
Count your blessings until June!— 
Whitworth Ferguson, Secretary, 333 Elli- 
cott St., Buffalo, N.Y. 14203; Oscar 
Horovitz, Assistant Secretary, Pompano 
Beach, Fla. 33060 
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Your Secretary-Treasurer is now back on 
the job of writing the Class Notes. We 
are extremely grateful for Pete’s excel¬ 
lent handling of these while we were so 
jammed up with other post-retirement 
consulting work. The job was beauti¬ 
fully handled in a manner much more 
interesting and stimulating. . . . Upon 
returning from a short vacation in Eng¬ 
land and Ireland we were shocked to 
learn of the death of our good friend 
and loyal classmate George A. Johnson 
who had so little time to be President 
of our great class of 1923—only seven 
months—March to October of this year. 
At this point we do not know how many 
years he served as Class Agent but there 
were many. He did so much want to be 
on hand to present the Class Gift at 
our 50th. 

Edwin H. Schmitz has taken over as 
President and he has directed me to 
make a contribution to the Cancer Fund 
as a suitable memorial to George. . . . 
Charles M. Mapes is now 1st vice presi¬ 
dent and Rodney M. Goetchius is 2nd 
vice president. . . . Those attending the 
dinner to meet and hear Dr. Wiesner 
at Endicott House in Dedham, Mass., 
November 2 were: Miles N. Clair, Horatio 
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L. Bond, Roy Sterling and James A. 
Pennypacker. Attending a similar affair in 
New York City on November 9 were: 
Clarence V. Chamberlin, Thomas E. 
Rounds and Lyman L. Tremaine. Although 
these will be reported elsewhere it seems 
to me the most interesting facts gleaned 
included statements made, that student 
unrest has visibly declined, students 
show awakened interest and pride in 
taking care of buildings and grounds 
and that where, in other colleges, ad¬ 
ministrators have dealt severely with mil¬ 
itant students, courts have sided with 
offenders and finally, there is better all¬ 
round communication between students, 
faculty and administration. 

As to news concerning our worthy class¬ 
mates, there is little to say except that 
Ernest W. Thiele was honored with a 
degree of LL.D in May of this year by 
University of Notre Dame. . . , Also, that 
Charles R. Goldstein has been in the 
practice of law since 1928, the work 
more recently being confined to the re¬ 
habilitation program under the Federal 
Department of Housing and Urban De¬ 
velopment. 

Now to discuss as briefly as possible 
what seems to be becoming a burning 
issue relative to our 50th Reunion, a 
couple of ideas have come to my atten¬ 
tion which might well bear some thought 
at this point. After reading Pete Penny- 
packer's comments in this column in 
the October/November issue, it is my 
feeling that we should go for the prac¬ 
tice of class jackets even if there is 
some cost involved but only for male 
members of the class (let our coed 
classmates make their own decisions!), 
for the following reasons: (1) We only 
have one 50th. (2) Jackets or blazers, 
if attractive, and of light-weight material, 
can be used later for many informal 
occasions. (3) The class of 1920 looked 
very good at their 50th. (4) At this point 
in our lives will this expense deter many 
from coming? Ed Schmitz in a recent 
letter has given us some further ideas. 
He suggests uniformity for both men 
and wives using white jackets and red 
trousers (men) or red skirts (girls) or 
the reverse with contrasting hats and 
gray ties for men. Jackets would have 
emblems. Ed Schmitz asked me to put 
this in the column and encourage further 
comment and thought. Please send these 
to me and we will try to come up with 
some consensus or perhaps take a vote 
later if necessary. Personally I think we 
should decide on the basis of men only 
and do the simplest possible thing or 
forget it. 

We are saddened again to hear of three 
deaths in recent months: George K. 
Shands on March 5, 1971; Erwin G. 
Schoeffel on June 13, 1971; and 

Chester C. Taylor on September 13, 1971. 
We have two address changes: John S. 
Keenan, 235 St. Clair Ave. W. Apt 202, 
Toronto 7 Canada, CA 715; Louis A. Metz, 
RFD Box 755, Delray Beach, Fla., 
33444 — Thomas E. Rounds, Secretary, 
4 Deer Hill Dr., Danbury, Conn. 06810 
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Being the Class Amanuensis does not 



Gordon W. Harvey, '24 


necessarily mean that I am afflicted with 
a contagious disease. But, I do have lead 
time of two months and foresight enough, 
with the thermometer at 23 degrees F to 
wish you all a happy and healthful 1972. 
You will notice that I hedged on “pros¬ 
perous” because as a realist and the 
Dow-Jones at 834, that word and the 
status quo are not compatible. 

There is a dearth of class news just 
now, so in order to maintain my place 
for the future in the Review line, I will 
expand on some previous information. 
Gordon Harvey makes his move to Flor¬ 
ida on October 18, official in a letter 
from 4503 King Palm Dr., Fort Lauder¬ 
dale 33313. Sounds like they are pitch¬ 
ing a tent there as he mentions "getting 
rid of a fine growth of assorted weeds." 
Hobbies will be duplicate bridge (one 
first-prize already) and golf, plus North 
in the summer months, contacts with 
Florida classmates and prospective Mexi¬ 
can Fiesta in 1972. 

The Institute, as in past years, is need¬ 
ling the economy by yielding $2,253,000 
to the City of Cambridge. This repre¬ 
sents real estate taxes, and gifts in lieu 
of taxes, on M.I.T.-related properties for 
1971. The institute is the third largest 
source of revenue for the city, exceeded 
only by the public utility and the tele¬ 
phone company. 

The broad activities of Governor Luis 
Ferr6 are indicated by his appointment 
as a co-chairman with Mayor Louis 
Welch of Houston, Texas, to the Gover¬ 
nors and Mayors Committee for the 31st 
annual observance of National Bible 
Week, November 21 to 28. This is an 
interfaith effort to encourage Bible read¬ 
ing and study through Governors and 
Mayors who will participate in the proc¬ 
lamation and observance of Bible Week 
in their communities. 

Our Environmental Laboratory Gift Fund 
solicitation progresses. There will be no 
separate environmental degree programs 
for either graduates or undergraduates, 
but currently many departments are of¬ 
fering educational and research oppor¬ 
tunities in those aspects of environment 
closely related to their own disciplines. 
These may be discussed with a number 
of “environmental advisors” in each de¬ 
partment. ... My intuition last month, 


on Bill Correale’s probable involvement 
in skyscraper fire hazards has now been 
confirmed by his letter. New York's 
Mayor Lindsay has named Bill to the 
Advisory Committee on Fire Safety in 
high-rise buildings. The Town of Brook¬ 
line could very well use his expertise 
on the current revision of its building 
and zoning codes. Once the wealthiest 
town in the country, we are being in¬ 
filtrated by 15-story jobs of questionable 
architectural charm. 

On November 17, Betty Kane moved 
to her new residence at 7 Alford Rd., 
Great Barrington, Mass. 02130. This lo¬ 
cates her about six miles north of daugh¬ 
ter, Joanna (Mrs. Thomas Chaffee) who 
lives in Sheffield, Mass. We are very 
sorry to lose her from our community. 

We note from our new addresses list 
that Professor John H. Skinkle has been 
piped out of Annapolis to his dock at 
70 Bartlett St., Chelmsford, Mass. 01824. 
More changes: Homer S. Davis, 3747- 
104 Vista Compana S., Oceanside, Calif. 
92054; Charles O. Duevel, 100 Sands 
Point Road, Sarasota, Fla. 33577; Ralph 
E. Johnson, 3247 W. Riverside Blvd., 
Rockford, III. 61108— Russell W. Ambach, 
Secretary, 135 Aspinwall Ave., Brookline, 
Mass. 02146 
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Mrs. Andrew (Edith Paula) Meyer of 
Orlanda, Fla., is serving as a national 
vice chairman for fund raising for the 
Unitarian Universalist Service Community 
in Florida. . . . Samual R. Spiker received 
a Certificate of Appreciation for efforts 
on behalf of M.l.T. in the 1971 Alumni 
Fund. . . . The following were registrants 
for the President’s Inauguration Cere¬ 
monies: Professor Kenneth T. Bainbridge 
of Cambridge, Malcolm S. Blake of Nor- 
well, Mass., John M. Campbell of Bir¬ 
mingham, Mich., Karl R. Van Tassel of 
Lake Forest. III., Samuel R. Spiker, of 
Conn., Samuel Glaser of Boston, Mass, 
and James H. Howard of Cambridge, 
Mass. 

Frank Riegel has retired as advertising 
manager after 29 years with the Androck 
Co. He received the Worcester, Mass. 
Advertising Club’s Silver Medal Award 
for distinguished service in advertising 
in 1970. He is past president of the 
Worcester Lions Club. Frank now lives 
at 158 Paxton St., Leicester, Mass. . . . 
Millard L. Caldwell is retired from the 
Patent Division of Shell Development Co., 
and parks his trailer in Mexico where 
he extends an invitation to anyone being 
in that region between November 1 and 
May 1. The address is Apartado 1320, 
Guadalajara, Jal. Millard has become in¬ 
terested in the Wally Byam Caravan Club 
and is president of the Mexicn unit. . . . 
Bruno E. Roetheli has just returned from 
a visit to Australia, Malaysia, and Eng¬ 
land. He speaks highly of the oppor¬ 
tunities that Australia has to offer the 
young graduate or specialist in the busi¬ 
ness side of technology. 

During a trip through Virginia with a 
few days in Williamsburg I took advan¬ 
tage of Hank Hoar’s invitation to contact 
him and we had a very pleasant morning 
discussing M.l.T. and Hank's retirement. 
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He and his wife enjoy Williamsburg and 
Hank is quite busy with his activities in 
research work at the college library. He 
is living at 301 Indian Springs Rd., within 
walking distance of the library. His 
invitation to anybody in that vicinity to 
get in touch with him is renewed. 

I have the following deaths to report: 
Joseph J. Terrell of Houston, Texas, 
June 27, 1971; Captain Julien J. Edgerly 
of Asheville, N.C., July 26, 1971. 

I have had some correspondence and 
a telephone call asking why certain 
notices or items did not appear in the 
class notes as soon as expected. No 
apologies, but deadlines are quite a bit 
in advance of publication, particularly In 
the summer and early fall.— E. Willard 
Gardiner (Will) Secretary, 53 Foster St., 
Cambridge, Mass. 02138 
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This month we have to report the loss 
of several classmates which is the un¬ 
pleasant part of being class secretary. 
Four letters, starting with one from our 
Class Agent, tell the story, so we will 
quote directly from these letters. Pink 
Salmon writes, "Mary had a telephone 
call from Mae Criswell that Cris (Wil¬ 
bur W. Criswell, Jr.) died on October 30, 
after a year and a half of illness. They 
had sold their house in Jupiter and 
moved to an apartment in the next town 
south about a month ago. Mae will con¬ 
tinue to live there.” 

Marvin Pickett sent the following note: 
"G. Richard Peterson died in Fallbrook, 
Calif., on October 24. His sister, now liv¬ 
ing in Harwich Port, called to give the 
news. Dick was living in Fallbrook and 
had married again this past June. He 
leaves a new wife, a sister and a married 
daughter." 

John V. (Vernie) Masterman, having 
noted the absence of any reference in 
the class notes to the death of Lucien R. 
(Luke) St. Onge in February of 1971, 
writes, "Luke was president of St. 
Onge, Ruff and Associates, Inc., con¬ 
sulting engineers specializing in indus¬ 
trial refrigeration and insulated struc¬ 
tures. Luke's co-principal, and our class¬ 
mate, Al Ruff, continues his activities 
as vice president of the firm bearing 
his name. Luke and Al both received 
Outstanding Engineer Awards early this 
year from Lincoln Chapter, National So¬ 
ciety of Professional Engineers. Luke was 
a Fellow of the American Society of 
Heating, Refrigeration and Air Condition¬ 
ing Engineers, and authored several 
technical papers some of which were 
included in the A.S.H.R.A.E. Data Book. 
He was the first president of the Central 
Pennsylvania Chapter of A.S.H.R.A.E., 
through whom a scholarship fund has 
been set up in Luke’s memory.” 

Along with the sad news of the passing 
of a classmate, Ken Lord sends a bit 
of news about his latest activities: "It is 
sad to refer you to the funeral services 
of Leland W. T. Cummings of Philadel¬ 
phia. Lee did much to elevate the repu¬ 
tation of M.l.T. around these parts. 

"As for you, your wife, and the ‘pup’, 
we keep thinking we’d stop to say hello 
on our travels to Maine. Some day—but 
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now we take the 495 belt, which takes 
us farther away from the Cove! Seeing 
Paul Mahoney’s name in print, this will 
ask if he visits Saco and Biddeford 
summers? Put me in the retirement col¬ 
umn. Besides a trust to close and work 
at a treasurer-ship, I’ve worked at a 
church one day a week, taken painting 
lessons, have been on the Boro com¬ 
mittee, and played more golf than ever. 
And like them. Best regards. Ken.” We 
appreciate the thoughtfulness of our four 
classmates in writing and for the Class 
extend sincere sympathy to the families 
of the classmates who will no longer 
be able to attend our reunions. 

Classmate George Taylor, now retired, 
was recently honored by his profession 
as reported in the following news release; 
“George J. Taylor, a Fellow and past 
president of the Illuminating Engineering 
Society, has been awarded the Society's 
Gold Medal, the highest honor in the 
lighting profession, ‘for the purpose of 
giving recognition to meritorious achieve¬ 
ment which has conspicuously furthered 
the profession, art or knowledge of illum¬ 
inating engineering.’ Formal presentation 
of the medal was made at the I.E.S. An¬ 
nual Conference in Chicago on August 
20. The award to Mr. Taylor is a recog¬ 
nition of dedication for 38 years to the 
cause of modern illumination and the 
more accurate rapid seeing that better 
lighting brings to people.” Our congratu¬ 
lations to George on this memorable 
occasion. 

A letter has just arrived from our El 
Paso classmate who managed to get 
back home shortly before it became 
necessary to turn up the thermostat here 
in New England. Ariel Horle writes, "Hav¬ 
ing now arrived home after spending the 
summer on Lake Winnipesaukee, thought 
I would forward two pictures taken at 
Chatham that I thought turned out quite 
well. One is of the two representatives 
of III, Bill Forrester and myself. In the 
other I managed to include five members 
of the 1924-25 crew—Bill Latham, Art 
Underwood, myself, Mark Greer and 
Warren Hamblett. Hope the winds and 
weather treated you well this summer.” 
And that, we are pretty sure, uses up 
the '26 quota of space so until February, 
we will extend our usual Cheerio — 
George Warren Smith, Secretary, P.O. 
Box 506, Pigeon Cove, Mass. 01966 
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Bob Bonnar has retired from G.A.F. Corp. 
His last of very many assignments was 
corporate director of purchasing. To 
quote from G.A.F. News; "J. Robert 
Bonnar was saluted at a farewell re¬ 
tirement luncheon attended by his many 
friends and associates. Since everybody 
else was making a speech, Bob took to 
the podium himself and favored the 
crowd with a few selected reveries culled 
from 36 years at G.A.F.". . . And speak¬ 
ing of retired purchasing directors, Jim 
Coburn has been kept busy during the 
first two years of his retirement by 
"travel, golf, bowling, gardening, com¬ 
munity affairs, good books, good 
friends.” Jim has offered to send me 
a copy of the Shell Oil story as delivered 
at a meeting of the Newcomen Society 
to which he belongs . . . Also speaking of 
Bonnar: By the time you read this, your 
1972 calendar will be in use and you 
can circle the reunion days, June 2,3 and 
4, plus Homecoming at Cambridge Mon¬ 
day June 5. 

The Class was represented at the presi¬ 
dent’s inauguration at M.l.T. by Bud 
Fisher, Dick Hawkins, John Norris, Ezra 
Stevens and Bill Taggart. Johnnie Norris 
came from the farthest point—Marshall¬ 
town, Iowa. ... I think I have mentioned 
that my chief “community project” right 
now is SCORE, a nationwide group of 
4,000 retirees who act as volunteer con¬ 
sultants to small businesses. The organ¬ 
ization is sponsored by the Small Busi¬ 
ness Administration. This month I at¬ 
tended the annual conference in Seattle 
and was delighted to see that Harland 
Sisk was also listed as one of the 150 
delegates. Unfortunately, word was re¬ 
ceived that he could not attend but he 
did submit a report. So Harland had 
added SCORE to his other activities as 
treasurer of the Dennis and Yarmouth, 
Mass., school departments, and treasurer 
of the Cape Cod Standard-Times Need¬ 
iest Families Fund. At the meeting I was 
very glad to find Gordon Miller, ’28, 
whom I hadn’t seen for those 44 years. 

. . . Henry Steinbrenner has a new address 
at 1400 Prince Charles Ave., Westlake, 
Ohio. I hope Hank is planning to take 
in the reunion again. . .. Charlie Sanborn 
has apparently retired. He worked for the 
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Post Office Department in New York and 
lived in Ossinning. He now has a new 
address at 10 Sullivan Rd., West Yar¬ 
mouth, Mass. . . . Joseph S. Harris, Sec¬ 
retary, Box 654 Masons Island, Mystic, 
Conn. 06355 
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With the start of a fresh new year, your 
class officers and the “Boston group” 
wish each and every one of you the 
best of everything. 

At the inauguration exercises for Dr. 
Wiesner and Dr. Gray in October, 1971, 
seven classmates were on hand to rep- 
present ’28. They were Homer Burnell, 
Jack Chamberlain, Jim Donovan, New¬ 
ton Foster, Bud Gray, Rudy Slayter, and 
Abe Woolf. Jim Donovan received a very 
warm letter of appreciation from Judith 
(Mrs. Benjamin F.) Miller in response to 
Jim's expression of sympathy from the 
class. We are much pleased and greatly 
honored to know that Judith wishes to 
continue her participation in class ac¬ 
tivities. 

During the November meeting of the 
Alumni Advisory Council Arnold A. (Bill) 
Archibald was presented with the Bronze 
Beaver Award. This is the highest honor 
given by the M.l.T. Alumni Association. 
The citation reads: “Many years of dedi¬ 
cated alumni activity have given him an 
enviable record of service to M.l.T. As 
president of the M.l.T. Club of Western 
Pennsylvania, member of the Visiting 
Committee of the Department of Metal¬ 
lurgy, and member of the Alumni Ad¬ 
visory Council, his dedicated efforts have 
made him the personification of loyalty to, 
and interest in, M.l.T. His impact on the 
Alumni Fund—as chairman of the Leader¬ 
ship Gifts Campaign in Pittsburgh for 
several years, as an organizer and mem¬ 
ber of the Pittsburgh Area Alumni Fund 
Council, and as a member of the Alumni 
Fund Board—has been particularly sig¬ 
nificant and is gratefully acknowledged.” 
Bill, to you from the Class—our heartiest 
congratulations! 

At the fall meeting of the American 
Society for Testing and Materials, New 
England District your secretary met Dave 
Mathoff. Dave said that he had had a 
recurrence of his heart trouble which 
put him back in the hospital for three 
months in September. He is concentrat¬ 
ing on getting his health restored and 
says that Dora is a great help to him. 

As many of you know (some by ex¬ 
perience), the Alumni Office periodically 
conducts an event called a telethon, an 
evening of telephone calls by volunteers 
to their classmates for the purpose of 
promoting the Alumni Fund. It also pro¬ 
vides the opportunity for news gathering 
and is thereby a boon to the author of 
class notes. If you should happen to be 
one of those called (it can be anywhere 
in the country) you will have the chance 
to get your story to us without the chore 
of writing it. On a day in early November 
Ford Tibbetts drove to Cambridge from 
New Hampshire to join Jim Donovan for 
such an evening of telephoning. They 
report that everyone was friendly and 
pleasant to talk with. Many were already 
looking forward to the 45th reunion. 


Others who had not given the matter 
much thought had their interest stimu¬ 
lated. Following are some notes from the 
conversations: Elwood Anderson, our old 
southerner, is now retired after 40 years 
in industry, much of it with Ethyl Corp. 
He has remained in Baton Rouge. His 
first wife gave him three daughters. Fol¬ 
lowing her death he remarried and 
thereby acquired three stepsons. Andy 
said he was very glad to have been 
called. . . . Gordon Rogers in Berkeley, 
Calif., said that he is retired and enjoy¬ 
ing the good California weather. He has 
great hopes of making it east for the 
45th. ... Ed Durbeck is retired. He says 
the money available to him hardly 
stretches to any more than his 17 grand¬ 
children. That’s a complaint? . . . Alex 
Dukelski is retired and living in the Los 
Angeles area. He was not aware of any 
other ’28 architects in his vicinity. . . . 
Joe O’Hearn, in Washington, D.C., said 
that he had retired after many years in 
the Department of State. His son, who 
has done well, was in Vietnam at the 
time of the discussion. Hopefully he will 
be back home by the time Joe is read¬ 
ing this. . . . Ward Bloomer is still going 
strong at Lummus Co. after 40 years. 
We understand that he is technically re¬ 
tired but still at work every day. Ward 
now has 65 patents in his name. . . . Ted 
Hubbuch reported that he had been with 
the Army Chemical Corps until their 
plant shut down in Florence, Ala. This 
being his favorite town, he stayed on to 
teach chemistry at Florence State Col¬ 
lege. Like many others, he hopes to be 
at the 45th. 

Bob Harbeck has his plans all made for 
retirement in 1972. He has pleasant mem¬ 
ories of the 15th and 25th reunions and 
wants to be at the next one .... You 
may recall that Willy Beard was the 
classmate that started taking flying les¬ 
sons and married his instructor. He 
reports that they are still flying together. 
. . . George Hoffman is still with White 
Superior Division of White Motor Co. 
in Springfield, Ohio. He plans to retire 
soon but hopes to continue work as a 
consultant. His grown son is in the auto¬ 
mobile business; he has an 11 -year-old 
still in school. . . . Clifton Edgar said 
that he is now retired (New York Tele¬ 
phone Co.). We are sorry to learn that 
his wife is an invalid. . . . Gerard Lake is 
still working hard and wrestling with 
problems of the family business. . . . Jean 
Roberts is still at University of Virginia 
as professor of electrical engineering. . . . 
Charlie Southwick had the misfortune 
to break a leg over a year ago. It has 
been slow to heal but Charlie is just 
as enthusiastic as ever about life. He 
and Margaret look forward to the 1973 
reunion. . . . We are very sorry to report 
that Merrell R. Fenske died September 
28, 1971. Dr. Fenske, who for many 
years was head of the petroleum/refining 
laboratory at Pennsylvania State Uni¬ 
versity, had been on the faculty for 41 
years and retired last year as professor 
emeritus of chemical engineering. The 
author of a technical volume on petrol¬ 
eum refining that became an international 
reference manual, he was also the recip¬ 
ient of several awards: in 1964 the Red¬ 
wood Medal of the Institute of Petrol¬ 


eum in London and in 1966 the national 
award of the American Society of Lubri¬ 
cation Engineers.— Walter J. Smith, Sec¬ 
retary, 209 Waverly Street, Arlington, 
Mass. 02174. 
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I am sorry to announce that Joseph F. 
Clary of Vero Beach, Fla., passed away 
on September 21, 1971. He retired a few 
years ago as vice president of the 
Edward G. Budd Manufacturing Co., 
of Philadelphia. His work involved the 
development of modern railway pas¬ 
senger cars and equipment. He is sur¬ 
vived by his wife Elizabeth and a sister, 
Mrs. Benjamin B. Treadway of Chevy 
Chase, Md. 

Emmette F. Izard, Course V, Hazelhurst, 
Mass., retired January 1, 1967 after over 
37 years of service in various research 
divisions of the Dupont Co. He has a 
summer home in western New York and 
spends winters in Mississippi. . . . Peter 
P. Gnoocheff, of Los Angeles, Calif., 
writes, “I had been working for an archi¬ 
tectural firm for about 20 years. Due to 
lack of work in the firm, I have been 
unemployed for about a year.” . . . Dex¬ 
ter S. Osgood, Malverne, N.Y., retired 
from American Tel. and Tel. on May 10, 
1971 after 42 years of service with the 
Bell System. . . . Donald S. Hersey, East 
Hartford, Conn., sends thanks for the 
birthday card he received from your 
Secretary and writes, “Retired from Pratt 
and Whitney Aircraft in 1967 after 38 
years of service. My wife, Elenor and I 
have enjoyed these past four years, 
traveling some, visiting friends at their 
vacation cottages and keeping busy with 
our hobbies which include picture paint¬ 
ing, music, theater, literature and golf." 

Dr. Myron Tribus, Senior Vice President 
of the Xerox Corp., speaking before the 
19th Annual Hydraulics Division Spe¬ 
cialty Conference on August 18, 1971, 
at the University of Iowa, paid a high 
tribute to Hunter Rouse of Iowa City, 
Iowa. While delivering his speech on 
“Integrity and the Ecological Crisis,” he 
said, “When I received the invitation to 
speak at this conference my first in¬ 
clination was to turn it down . . . but 
when I learned that the conference was 
to be dedicated to Hunter Rouse, I could 
not decline, for, quite unknown to him, 
he was an important influence in my 
career, and I feel I owe him something. In 
preparation for this talk, I did a little 
research on Hunter Rouse and I came 
up with some information you may not 
know. When he first showed up at M.l.T. 
and was pledged to Sigma Chi, his 
classmates recall that they let him in 
with some reluctance as he did not 
have a Stutz Bearcat or a raccoon coat, 
and he gave the overall appearance of 
a kid fresh from the farmland, which 
he was. However, appearances are de¬ 
ceiving, for I have been told that he 
went on to be president of his chapter 
twice and established the highest scho¬ 
lastic record the fraternity ever had . . . 
I’ll wager that very few of you know that 
Hunter Rouse supported himself through 
college as a professional ventriloquist! 
There are still people around who remem- 
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ber him sitting motionless and expres¬ 
sionless while the dummy sang an aria 
from Aida. It was from this sort of 
start that Hunter went on to his studies 
in Germany and, thence, to the begin¬ 
ning of a career which has brought him 
ever greater influence over the years.” 

Carl M. F. Peterson, writes, "In June, 
1971, I retired from M.l.T. as director 
of the Physical Plant. I had been at 
the Institute since graduation in 1929; 
first as a member of the Mechanical 
Engineering Department, and later in the 
Physical Plant Department. My son 
Richard is with General Radio in 
Concord, Mass., and my daughter Carol, 
is in Denver, Colo., working in a com¬ 
puter group. My wife Dorothy and I have 
taken up residence in Green Valley, 
Ariz. We hope that the climate here will 
permit us to be active outdoors 12 
months of the year. Although we have 
been out here only a few months, we 
have already made many friends and 
we are very busy, traveling, hunting, 
fishing, and we both enjoy golf." ... A 
note comes from Sidney Darlington, “I 
retired from Bell Telephone Laboratory 
on July 31, 1971 after 42 years of service. 
However, for at least a year, I am a 
consultant to Bell Labs two days a week 
on transmission systems. I have also 
just become an adjunct professor at 
the University of New Hampshire, with 
minimum duties (not yet defined). My 
wife Joan and I moved to a new house 
in Durham near the university and we 
have an ancient cottage in Randolph, 
N.H. Our two daughters are still very 
young, aged one and a half and four 
and a half years. We are more than 
fully occupied.” 

Richard K. Opper, Walcott, Conn., has 
sent a note saying “It was a pleasant 
surprise to receive a birthday card on 
my 64th birthday from the Class of 1929. 
Currently, I am the president of the 
Naugatuck Y.M.C.A. (seventh year) and 
president of the Wolcott Historical Soci¬ 
ety. I live in a 10-room house built in 
1790 filled with antique furniture. I will 
be retiring from Uniroyal, Inc., in Septem¬ 
ber, 1972 after 43 years of service. I am 
just very happy living my life.” Richard 
will be very happy to hear from any 
Twenty-Niners who happen to be in 
Connecticut. His telephone: business 
(203) 729-5241 and home (203) 897-1258. 
. . . Jack Dietsch, Seattle, Wash., writes, 
“Dear Karnig, So as not to embarrass 
you, I am not an M.l.T. graduate! I did 
graduate from Northeastern University in 
1927 as an ‘E.E.’ Then I took some extra 
courses at M.l.T. in 1927-28. During the 
Depression, I took what job I could find 
and so I switched to the ‘M.E.’ field, 
which I followed until my retirement last 
year from Lawrence Radiation Lab (part 
of the University of California—and now 
called Lawrence Livermore Lab) con¬ 
tractors to the A.E.C. I spent the last 
15 years with them designing, following 
the manufacture and supervising the field 
installation of all sorts of equipment 
associated with atomic tests at the Ne¬ 
vada test site and elsewhere. So now 
I am ‘working’ at my retirement program 
and haven't settled down yet into a com¬ 
fortable routine. Regards." 

John G. Howell, Jr., Piedmont, Calif., 


has sent a note saying, “Retired as of 
September 30, 1971, after 34 years of 
service with Owens-Illinois, in the general 
engineering department, Pacific Coast. I 
was a principal engineer for plant facil¬ 
ities for ten plants on the Pacific Coast. 
Our older daughter just graduated from 
law school and has taken the bar ex¬ 
amination for California. Younger daugh¬ 
ter is married, living in Honolulu and 
loves it. For the past year I have been 
program chairman and vice president 
for a Breakfast Club, with 52 programs 
to arrange. This will keep me busy for 
some time during my retirement. Just 
returned from a trip with my wife Kay, 
to Greece, Turkey, Russia and Yugo¬ 
slavia. The Greek Islands were fantastic, 
hope to go back again soon, especially 
to Rhodes and spend more time learning 
about the wonders of their earlier civil¬ 
ization.” . . . Phil W. Sayles, Scarsdale, 
N.Y., writes, “I am about to retire (Oc¬ 
tober, 1971) at the age of 65, after 44 
years of service with General Electric. 
For the past few years, I have been in 
New York as a consultant—Marketing 
Personnel Placsment. We maintain an 
inventory of high-potential marketing peo¬ 
ple and select and recommend candi¬ 
dates for open positions company-wide. 
Our son Jeremy and his wife have pre¬ 
sented us with our first grandchild, born 
on August 27, 1970. Our daughter Mere¬ 
dith was married in October, 1969, in 
Teheran, Iran where she and her husband 
were in the Peace Corps. We will con¬ 
tinue to live in Scarsdale for a while 
and do some traveling. Later on I intend 
to do some consulting and our plans are 
to move into northwestern Connecticut 
eventually.” 

Raymond Underwood, Lansdale, Pa., 
writes that the only thing new with him 
is a new house number—he has had the 
same wife (Freda), the same house and 
the same job (patent attorney) for the 
last 40 years. “Patent work” he contin¬ 
ues, “has been exciting and has gotten 
me around a lot, but now the company 
is phasing me out. Then I will do some 
free-lance patent work, keep working on 
our farm and continue traveling.” 

A birthday card to Carl G. Wennberg, 
Hingham, Mass., brought a sad note from 
his widow that Carl passed away on 
December 27, 1970. Her note continues, 
“Until about six years ago, Carl was pres¬ 
ident of Special Tool and Machine Co., 
a family owned and operated business. 
It was then sold to Texas Instruments 
and Carl was retained as a production 
specialist until his death. Thank you for 
your kind note.” 

Harold A. C. Dahl, Westford, Vt., writes: 
"Out to pasture after mandatory retire¬ 
ment from General Electric (Burlington). 
I have now gone into seclusion on my 
‘vast’ (nine-acre) estate in the wilds of 
Westford, Vt. Outside of a few activities 
such as church, regional planning, Civil 
Board of Authority, Blue Lodge, Scottish 
Rite, Shrine, U.S. Coast Guard Auxiliary, 
not to mention nine grandchildren, I sit 
in a rocking chair and twiddle my thumbs. 
My main complaint is that I have no 
regular job to which I can go to rest.”— 
Karnig S. Dinjian, Secretary, Starlight 
Towers, Apt. 14 E, 6000 North Blvd., 
Fort Lauderdale, Fla. 33308 



7. A. Riehl, '30 
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Although I haven’t gotten around to 
making a detailed survey, it seems to 
me that the proportion of our retirees 
must be approaching the 50 per cent 
mark. Certainly the retirement rate has 
increased markedly in the last year or 
two, even though we are statistically 
some distance from the traditional re¬ 
tirement age. ... We have at hand a 
notice concerning Ted Riehl’s retirement 
as of July 31, 1971 from Gooodyear Tire 
and Rubber Co., for whom he had worked 
since graduation from M.l.T. After join¬ 
ing Goodyear in 1931, he began an eight- 
year assignment in the research depart¬ 
ment during the course of which he was 
involved in the development of the first 
rayon cord tire which Goodyear intro¬ 
duced in 1938. During World War II he 
became involved in the development of 
synthetic rubber tires. In the course of 
his retirement interview Ted pointed out 
that "there were many who said synthetic 
rubber could not be developed to equal 
natural rubber. Now more than 75 per 
cent of the rubber used in tires in this 
country is synthetic.” In 1955 Ted was 
named manager of product development 
compounding and in 1964 he became 
chief chemist in tire development. In 
1969 he was named director of com¬ 
pounding. Ted and Margaret have two 
married children and are planning to 
do some travelling now that Ted has 
retired. 

Ralph Draut retired in April 1971 after 
41 years in the aircraft industry. Accord¬ 
ing to my records, he was chief struc¬ 
tures engineer at the Office of Super¬ 
sonic Transport Development of the Fed¬ 
eral Aviation Agency. ... Ed Nolan re¬ 
tired from Merck and Co., about two 
years ago and as of this writing is ar¬ 
ranging speaking engagements for a 
young man campaigning for election to 
the New Jersey State Senate. He and 
his wife will spend the winter months 
at their Palm-Aire apartment in Pompano 
Beach, Fla. . . . Frank Hankins is an 
old hand at the retirement business, 
having retired from Lockheed at the end 
of 1966. He says his activities are "those 
of a very busy retiree involving upkeep 
of my home which is on something over 
eight acres.” He is also "in effect, the 
greenskeeper who provides what it takes 
to keep in shape, for the neighbors use, 
a huge playground complete with facili¬ 
ties for swimming and tennis. Frank’s 
son Timothy recently received a degree 
in radio-astronomy from University of Cal¬ 
ifornia. 
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At the 61st National Council Annual 
Meeting of the Boy Scouts last May, Bill 
Jackson received “Scouting’s highest 
award, the Silver Buffalo.” Bill was previ¬ 
ously president of the Allegheny Council 
in Pittsburgh and served for the past 
seven years as an executive board mem¬ 
ber of the National Council. As previously 
reported in the notes, he is president of 
Pittsburgh-DesMoines Steel Co. . . . 
Walter Soroka, professor of mechanical 
engineering at University of Cali¬ 
fornia, Berkeley, has been appointed 
Dean of Continuing Studies at the Uni¬ 
versity. He was chief consultant on 
acoustics when the new San Francisco 
Auditorium was built, as well as chief 
consultant when the San Francisco ele¬ 
vated system was constructed. . . . Bill 
Dickerman reports that he and Marion 
spent a delightful summer on Nantucket 
and are now back in Greenwich. He 
makes frequent trips to Manhattan where 
he has a consulting client. . . . Tom 
Emery is a self-employed accountant and 
tax consultant in Birmingham, Mich. The 
Emerys have a married daughter and two 
grandchildren. 

Changes of address: Lawrence N. Gon¬ 
zalez, 922 24th St. N.W., Washington, 

D. C. 20037; Langley W. Isom, 23 Gordon 
Lane, Yarmouth Port, Mass. 02675; 

E. Stephen Prendergast, Box 651, East 
Orleans, Mass. 02643; Robert W. 
Reynolds, 161 Bay Lane, Centerville, 
Mass. 02632.— Gordon K. Lister, Secre¬ 
tary, 530 Fifth Ave., New York, N.Y. 10036 
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Best wishes to you all for 1972. . . . 
Charles Loucks writes that he manages 
to keep busy with personal affairs, run¬ 
ning a home in Arlington, Va., and among 
other things, doing committee work in 
a number of state, veteran, civic, patri¬ 
otic and similar organizations. Last May, 
he visited members of his family in 
California and took a side trip by way 
of the Inside Passage cruise as far as 
Skagway, Alaska. . . . Congratulations to 
Howard Richardson and Bill Jacobs, who 
were awarded Certificates of Apprecia¬ 
tion by the Institute for their efforts on 
behalf of the 1971 M.l.T. Alumni Fund. 
... A note from Frank Weeks mentions 
that he ran into the president of the 
country club where we had our 40th 
Reunion during a cruise to Africa in 
February, 1971. 

A most welcome letter from Emile 
Grenier brings us up to date on his 
activities. "As you undoubtedly know by 
now, our 40th Reunion was deemed to 
be the best ever by a great many of 
those present with whom I talked about 
it on Monday. I guess it comes from 
a feeling of friendliness that had de¬ 
veloped thru the past 35 reunions in 
which a great many of us who did not 
know each other well, if at all, have 
gotten to be on first-name speaking 
acquaintance. It is always interesting to 
see who is new as well as meet the 
old standbys. The location was superb 
and one that all who were there for the 
first time will not fail ro recall from time 
to time in the years ahead. I don't know 
who zeroed us in on the place but it 


would be nice of you to give him a 
credit line. 

"I recently received a patent covering 
a device—a very simple strap which 
holds the shoulder belt in a manner 
that takes the actual contact and like¬ 
wise pressure off the neck while it is 
in position. The patent is also in Wm. 
Sobknow’s name (an associate at Ford) 
and assigned of course to Ford Motor. 
The Ford Tot-Guard which I designed in 
1967 is finally beginning to move in 
appreciable volume. You might be inter¬ 
ested to note the advertisement in the 
June 14th Time page 50 or the same 
one in Newsweek on June 7th in which 
mention is made of it. I shall send you 
a four-page brochure on it which is 
being printed by Ford for release in 
July. When I was graduating in 1931, 
Dean Lobdell called me into his office 
and offered me a possible job with 
Shreve, Crump and Lowe in Boston. 
He said, ‘Emile, most graduates in en¬ 
gineering don’t end up in their field of 
study.’ He was right of course but I told 
him I still would go on trying to get 
into the aero field. This all by way of 
leading up to the fact that the most im¬ 
portant thing I have created in the years 
since I completed Course XVI (aero 
engineering) is a device to prevent chil¬ 
dren from flying. 

“You will undoubtedly recall the most 
famous speech of Professor ‘Tubby’ 
Rogers on the subject of marrying the 
boss’s daughter and the speech made 
outside the Harvard Stadium the follow¬ 
ing year by the Ivy Orator, which was 
‘Be a Slob’. He sure put forth some very 
impressive arguments. At the time, I was 
sure his words would suffer the fate 
which Abraham Lincoln predicted (‘the 
world will little note or long remember 
what we say here’). However, my several 
trips thru Harvard Square convinced me 
that he had succeeded. 

"As an individual who has worked 
closely with the development of the 
Airbag (a joint project of Eaton Yale and 
Towne with the Ford Motor Company), 
and as an aero engineer gone auto¬ 
motive safety, I would like to make the 
following observation: The Airbag will 
never make it into automotive production, 
no matter how hard Ralph Nader pushes, 
until the flying public comes to their 
senses and demands individual ejecting 
seats each equipped with its own chute 
and life raft. (Somehow this reminds me 
of MacBeth.).” 

From all reports, the 23rd M.l.T. Fiesta 
in Mexico this past year was a great 
success. Classmates who attended in¬ 
cluded Evelyn and Howard Richardson, 
Alice and Al Pierce, Antonio Chemor 
and Albino Arce. . . . Charles Norris, 
Professor of Civil Engineering and Dean 
of the College of Engineering at the 
University of Washington co-authored an 
interesting article, "Educating the New 
Breed of Engineer" which appeared in 
the July issue of The Trend in Engi¬ 
neering published by the University of 
Washington. 

Since the last Class Notes, word has 
been received of the death of the follow¬ 
ing classmates: Nathaniel Coburn on 
June 22, 1971 (At the time of his death, 
Dr. Coburn was Professor of Mathematics 


at the University of Michigan.); William N. 
Boynton in December 1958; Oscar Lilja 
on September 28, 1970; and Paul Hart¬ 
man on April 4, 1971. Our deepest sym¬ 
pathy to their families.— Edwin S. Wor¬ 
den, Secretary, 35 Minute Man Hill, West- 
port, Conn. 06880 
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Here we go again, but, with about the 
smallest contribution in many a year. 
Perhaps we can make it all up in qual¬ 
ity. I sent out a dozen or more cards 
of supplication, and got three replies— 
25 per cent is about par. I must give 
top billing to Mai Mayer, beer expert- 
extraordinaire, because his nice letter 
was the only unsolicited message. Mai’s 
partial retirement in Washington, Maine, 
seems to be more than hectic what with 
the fine weather causing a larger in¬ 
flux of visitors. The Mayer plans appear 
to be firm. The first week in December, 
Mai and his wife will stop at the Insti¬ 
tute to visit with Julius Axelrod, the 
Nobel Prize winner, then on to Ontario 
and Chicago. They have an apartment 
for January in London (which must mean 
Ontario). The holidays will be passed 
with the family at the above locations. 
Then, on to Carmel, Calif., for February; 
March and April will be spent in Australia 
and New Zealand; why all this traveling, 
Mai does not mention, but it must be 
the beer business. Mai will be spending 
more time in Maine from now on, as 
daughter Barbara has moved from Cal¬ 
ifornia to Augusta, Maine, where she 
has taken a new job. Mai, I sure ap¬ 
preciate your continuing interest in the 
class, and I also wish that more of the 
boys would "go thou and do likewise”. 

From Ivan Getting comes welcome news 
of his lovely family. The eldest child, 
Nancy, is married to Dick, and they live 
in Green Bay, Wis., with their four chil¬ 
dren. Son, Pete and Marna have one 
child, Ingrid. Pete spent the summer at 
Berkley, finished his Ph.D. and is now 
doing neuro-physiology research at the 
University of Washington. The middle 
child, Ivan Junior, is still at U.C.L.A. and 
is not yet married. If a busy man like 
Ivan can spend six minutes writing the 
secretary, you fellas can too. Ivan, it is 
always a pleasure to hear from you. . . . 
Now comes a full card from one who 
is probably our most faithful, loyal coed, 
Vivian Drenckhahn. She writes about her 
busy life in world health affairs. She 
has been honored many times by her 
peers in health science. Her card is 
terse and factual, so I’ll quote since 
I can’t tell it any better than she did: 
“. . . hope you will be successful in 
getting a few ’33 girls to attend the 
40th Reunion. I may even make it. In 
mid-March, 1971, I completed a six-month 
assignment in health education as a 
consultant, in Bangkok, Thailand; this 
a part of the World Health Organization. 
So, four weeks in Bangkok, then a few 
days at the S.E. area W.H.O. Regional 
office in New Delhi, and the remaining 
time in Geneva, Switzerland at the W.H.O. 
headquarters. On April 24, 1971, the 
College of St. Benedict, St. Joseph, 
Minn., presented me with an outstanding 
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Alumna Award (the first given) and the 
President’s medal. This award was pre¬ 
sented at College Day festivities. The 
annual meeting of the Society of Public 
Health Education was held in Minneapolis 
October 8-10, in connection with the 
A.P.H.O. meetings. I was an active par¬ 
ticipant in the Society meetings.” We 
are proud of you and your work in health 
science and we appreciate your con¬ 
tinuing loyalty to M.l.T. and to your 
class. 

Mention of John Wiley is made in a 
release by the A.I.A.A., announcing a 
panel of which John was a member. 
The panel of five treated the subject, 
"S.T.O.L. and V.T.O.L., where do they 
fit?" Well, so I say, “Where indeed, and 
what is it or they?” The release is so 
short and terse, it’s a bit painful. Perhaps 
John will tell us more, but he’s gotta 
volunteer. No more publicity for these 
characters who won’t write ye scribe. 
. . . From Henry Kiley we get an apology 
for his lack of news, but he did write, 
mostly to say that he enjoys the class 
news. Others would enjoy them more 
if fellas like Henry were to offer some¬ 
thing. However, when he gets in the 
mood, he will give us a bit. So, we thank 
Henry, hopefully. . . . One change of 
address: William E. Baur. Bill has now 
moved to Dundedin, Fla., and most aptly, 
lives in a mobile park, titled “Honey¬ 
moon.” I expect that the name is well 
earned as Bill has always been a sort 
of honeymooner anyway, since he and 
his wife are always travelling. 

From alumni records we have word 
of the passing of Marshall P. Wilder, 
one of our own mechanicals. As your 
representative, I extend to Mrs. Wilder, 
our most sincere sympathy in her hour 
of grief. 

Berj Tashjian, one of our architectural 
friends, writes at length, with news of 
his family. Berj has just finished man¬ 
aging a Northbrook, III. Pony League 
baseball team to a championship and a 
"World Series.” The team won 20 out 
of 23 games, and went on to fame from 
there. Son, Eugene, batted 500 for the 
complete season. This is most interest¬ 
ing to me, for I too am quite interested 
in Pony League work as Fort Rock Farm 
has sponsored a team in pony for 8 to 9 
years. Daughter, Charmion, is a 1971 
graduate in music from Northwestern, 
and received the Sigma Alpha lota 
Sword of Honor and Leadership Award. 
She is to go to Stanford this fall for her 
master’s in musical composition, with a 
minor in humanities. Her composition, 
"Armendchos" received enthusiastic 
acclaim at the student recitals. Berj has 
two other children in high school. Berj, 
this note has really been a pleasure. 
Talent has quite apparently been inhe¬ 
rited, as those kids must be a joy. 

Forrest P. Dexter, Jr., sends announce¬ 
ment of retirement. I hope a few of you 
characters can keep on for a while at 
least. Forrest will retire to Wilton, Maine, 
after ten years of industrial research, and 
26 years teaching in college. This latter, 
and lecture tours have made his last year 
go by awfully fast. He asks, “do you re¬ 
member Beaker Joe Phelan, A. A. Ash¬ 
down, Professor Copithorne, H. W. 
Shimer, and Ham Buerger?” Some I do, 


Forrest; thanks for the note. . . . Now 
comes Ellery D. Clark, Apollo struc¬ 
tural designer deluxe, and an old friend 
to boot. Ellery and Louise have just re¬ 
turned from a two-week deluxe tour of 
four Hawaiian Islands. Son Steve is still 
in college, daughters Virginia and Margie 
are both married, but Ellery is still not 
yet a grandpaw. Ellery says he plans to 
attend our 40th reunion. Many thanks 
for thinking of us. 

I have one late bit to add to this forlorn 
tome: I had the pleasure of attending 
a meeting on November 6, at the Union 
League Club in New York, of a small 
group of alumni interested in Alumni 
Fund work, addressed by Dr. Gray, our 
new Chancellor. It was a most inspiring 
and very frank talk on the present prob¬ 
lems of our beloved school, touching on 
the fields of finances, curriculum 
changes, student participation in univer¬ 
sity management, the present status of 
research, the minority group situation, 
and more. A question and answer period 
then followed for better than an hour. 
The questions were of a very searching 
nature and Dr. Gray was most frank in 
his replies. Some samples: the present 
cost of the students’ education is now 
paid for less by the student than by other 
sources, about 30 per cent. Research 
proceeds about as before, except that 
the Draper Labs are no longer pursuing 
their original objectives, this type of ac¬ 
tivity, no doubt, being handled elsewhere 
by the army and navy, probably in places 
where that type of work should have 
been done in the first place. So weaponry 
appears to be out so far as M.l.T. is con¬ 
cerned. Dr. Gray went on to say that 
some black students have been admitted 
to M.l.T. lacking full requirements of 
admission, but explained that this one 
aspect is the only one where the minor¬ 
ity group is favored, and for excellent 
reasons. The applicant receives some 
consideration for the fact that his sec¬ 
ondary school might not have had ac¬ 
credited standing, but the applicant him¬ 
self proved conclusively that he person¬ 
ally did have what it took. That is the 
only lowering of any bar whatever. They 
must attain and maintain the exact same 
grade levels as all others, without ex¬ 
ception. I put this in to reassure our 
readers of this misunderstood situation. 
Now to all of the fatihful, a very Happy 
New Year, with the hope that with a 
brand new year, you will all remember 
that your secretary is a news-hound and 
not a fund-raiser. You can tell me any¬ 
thing and it will appear here after editing. 
A note to me is not a lead to your being 
asked for a contribution.— Warren J. 
Henderson, Secretary, 1079 Hillsboro 
Beach, Pompano Beach, Fla. 33062 

35 

The President’s Cup, emblem of golf 
supremacy for our class for the last 
11 years, has been retired permanently. 
Ham Dow did it by winning his match in 
the finals with Sam Brown in the 11th 
Annual Tournament ending in October. 
He had previously won the cup in 1967 
and 1968 and his 1971 triumph puts all 
three legs on the trophy. Congratulations 


from us all, Ham, for your wonderful 
perseverance over adversity and golfing 
opponents. The consolation match came 
down to the wire with Ned Collins just 
edging out Bill (Hole-in-one) Bates by a 
single stroke. Congratulations to you. 
Since 1969, when I was serving as Class 
President, I prevented Ham Dow from 
retiring the Cup by winning the finals 
from him on the 19th hole that year, 
I am announcing that I will place a new 
trophy into the competition beginning 
with our 12th Annual Tournament in 
1972. It will be known as the President’s 
Trophy and again, can be retired per¬ 
manently by the first golfer to win It 
three times. '35ers attending the Presi¬ 
dent’s Inauguration October 7 included: 
Bill Abramowitz, Leo Beckwith, Charles 
Bowen, Carbon Dubbs, Pete Grant, Allan 
Mowatt and Prescott Smith. The Inaugu¬ 
ration ceremony concluded an interesting 
and exciting two weeks of seminars, 
panel discussions and related events. 

We have just received word of the 
death of Frederick L. Stephens on June 
15, 1971. He received his B.S. and M.S. 
in Course X-A with us and was employed 
at the Colgate Palmolive Co. in Jersey 
City. We would appreciate any informa¬ 
tion from those of you who were ac¬ 
quainted with him. We are particularly 
interested in learning if he was married 
and where his widow might be located. 

I am sorry if you non-golfers in the 
class are upset by all the golfing news 
in the notes, but to be brutally frank, 
it’s your own fault. If you want news 
of something else, you have to produce 
it by writing to me, or having your wife 
write to me. Let me hear from you one 
way or another as I would surely like to 
share what you send with the rest of 
your classmates. How about making a 
New Year's resolution right now that you 
will write to your Class Secretary 
in 1972. Follow it up soon, because we 
are in the non-golfing season as far as 
our Class Tourney is concerned, so that 
even the golfing news will be missing 
for a while. And a Happy New Year to 
you and yours.— Allan Q. Mowatt, Sec¬ 
retary 61 Beaumont Ave„ Newtonville, 
Mass. 02160 
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Each time the Alumni Office sends a list 
of address changes I am reminded that 
many of us are moving to warmer 
climes. Fred Carten has left Washington, 
D.C. for Boca Raton, Fla., 251 SW 7th 
Ave., 33432 and Homer Webster to 
Hanaki Kavai, Hawaii (Box 33, 96714). 
Preferring snowshoeing myself I am not 
tempted to follow their example. . . . 
Harry Essley sent a note to our reunion 
from Kingston, Jamaica, where he and 
Betsy have spent the past year aboard 
the S.S. Hope. Harry was responsible for 
keeping the medical equipment function¬ 
ing. This ran the gamut from sterilizers, 
x-ray, film processors, and many more 
to I.B.M. typewriters. They found the 
people with whom they worked most 
interesting and had some time to explore 
Jamaica. By now they should be back in 
Rochester, N.Y. . . . The firm of Rath 
and Strong, Inc., in Lexington, Mass., 
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has offices in Chicago and San Fran¬ 
cisco and work in Holland and Great 
Britain. This keeps Dorian Shainin on 
the move but he feels that “the challenge 
of problem solving, by both analytical 
and creative methods, continues after 
19 years of this work to make up for 
the rigors of the travel schedule.” The 
Shainins have two grandsons and by 
now probably a third grandchild. 

Jim Patterson wrote to several class¬ 
mates and the following comments come 
from some who were unable to attend 
our reunion. Laddy Reday in addition 
to providing residents of Orange County, 
Calif, with soft water has been "up to 
his ears in real estate" and teaching 
at Golden West College in Huntington 
Beach. With a daughter graduating from 
high school and an Argentine daughter 
for the year (A.F.S.) leaving southern 
California was not possible. . . Art Sarvis 
who is with the G.E. Lamp Division in 
Cleveland has moved into an apartment 
following the death of his wife. His new 
address is 2201 Acacia Pk. Dr., Apartment 
323, Lyndhurst, Ohio 44124. . Business 
and family kept Chet Meyer in Pewaukee, 
Wis. He comments that he may not 
produce another hockey player but there 
is a good chance he will have produced 
a ski racer one of these days. Chet’s 
oldest daughter is a Wisconsin graduate 
and the second is in college now. . . . 
Bill Hope, too, found that business pres¬ 
sures would keep him from attending. 
The Hopes enjoy living in Durham. N.H., 
and Bill finds being married to a grand¬ 
mother “not bad, either.” . . Mary and 
Bill Mullen wrote a note after they re¬ 
turned west following their vacation in 
Europe which ended with the reunion. 
Bill is a construction cost consultant 
with offices in Glendale, Calif., and hoped 
for one or two jobs when he got back. 
Within three days he had nine on the 
calendar and will need another vacation 
to recover. He isn’t the only one as I 
am sure you well know. Larry Kanters 
reported coming back to mountains of 
paper work after he and Zee vacationed 
in Israel where they have a married 
daughter. For me the paper work mounts 
even without a vacation. 

Indirectly, I have learned of the death 
of Arthur Sedoff although I do not know 
the date. Alice H. Kimball, Secretary, 
Apt. 8-6C, 100 Memorial Dr., Cambridge, 
Mass. 02142 or P.O. Box 31, West Hart- 
land, Conn. 06091 

37 

Al Woil writes, “last April, our daughter, 
Helaine (Fendelman) presented us with 
our second grandson, Jonathan in Scars- 
dale, N.Y. Our son, David, was married 
to Leslie Finkel of Council Bluffs, Iowa 
over the Labor Day weekend. David is 
a graduate student at Columbia Univer¬ 
sity where he will receive his master's 
degree next summer in the field of urban 
development. Our third child, Susan is 
now a sophomore at Washington Uni¬ 
versity (St. Louis). On July 1 I stepped 
down from our local school board and 
its presidency after serving over 12 years. 
To take up the slack, and then 
some, I accepted the presidency of the 


Evansville Rotary Club. In addition, I was 
elected to the board of trustees of Indi¬ 
ana State University of Evansville founda¬ 
tion. I have been swapping notes with 
Milt Lief who resides in the St. Louis 
area. Milt too was elected president 
of his Rotary Club. We have been talking 
about taking in the Rotary International 
Convention this coming June in Houston, 
Texas. It looks like our 35th is due in 
June of 72. Certainly hope to see you 
at the reunion.” Well, Al, as you might 
suspect, our reunion committee held a 
meeting the last of October at Phil Peters 
home in Wellesley. Duties have been 
assigned and plans are underway for a 
grand time starting Friday, June 2, and 
running through Monday, June 5, 1972. 
The location on Cape Cod at the Chat¬ 
ham Bars Inn will live up to your every 
expectation. Plan to join your classmates 
with their wives at your 35th reunion. 
It only happens once in a lifetime.— 
Robert H. Thorson, Secretary, 506 River¬ 
side Ave., Medford, Mass. 02155; 
Curtiss Powell, Assistant Secretary, Rm- 
5-325 M.I.T., Cambridge, Mass. 02142. 
Jerome Salny, Assistant Secretary, Eg¬ 
bert Hill, Morristown, N.J. 
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Colonel John C. H. Lee, Jr., U.S.A., 
formerly director of Appalachian Studies, 
Corps of Engineers, at Cincinnati, wrote 
that he has retired from the army and 
is now consulting a bit, as well as 
serving as associate professor of civil 
engineering at the University of Cincin¬ 
nati. . . . Dudley H. Campbell also wrote 
that last June he was elected vice presi¬ 
dent—engineering, of the Stack Pole 
Carbon Company, St. Mary’s, Pa. 

While making an engineering sales call 
at the General Electric Company’s Plain- 
ville, Conn., plant, I was surprised to 
hear a voice say “You look familiar!" 
It was Charlie Hobson who recognized 
me in the corridor. He is project develop¬ 
ment engineer for industrial circuit 
breakers, in G.E.’s circuit protective de¬ 
vices department, working on molded 
case circuit breakers, both electronic 
and solid state versions. The Hobsons 
live in nearby Southington. Mark is a 
German teacher in Port Jefferson, Long 
Island; Joan’s husband is in Vietnam; 
and their youngest, Bill, is a junior at 
Bucknell. . . . G. Woodford Thomas was 
among ten alumni awarded a Certificate 
of Appreciation for his work as a regional 
chairman of the 1971 Alumni Fund. His 
work was with the Columbus, Ohio 
region. 

Represented at the President’s Inaugu¬ 
ration (according to the registration list) 
were the following thirty-niners: William 
S. Brewster, Wayne J. Hulman, Mrs. Ruth 
B. Pitt, Burton C. Rudnick, Louis D. 
Smullin and William Walker.— Oswald 
Stewart, Secretary, 3395 Green Meadow 
Circle, Bethlehem, Pa. 18017 
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In the last issue of Tech Review, we 
reported the death of our classmate, 

Bradley Newcomb. We are indebted to 


the Review for the following letter from 
Mrs. Phyllis Newcomb: “It is with great 
sadness that I inform you of the death 
of my husband Bradley, on August 2, 
1971 at Massachusetts General Hospital. 
He had undergone open heart surgery 
on July 29 to correct an aneurysm which 
had developed as the result of a heart 
attack in March. At this time I am en¬ 
closing a contribution which was mailed 
direct to me. I had requested memorial 
contributions to the Alumni Fund, Class 
of '40 in the name of Bradley L. Newcomb 
in lieu of flowers. Certainly would ap¬ 
preciate the names of contributors so 
that I may thank them personally, other¬ 
wise I have no way of knowing. Thank 
you for your assistance in this matter.” 
From T. Stewart Harris there comes the 
note that Dave Haskett was recently 
married to Miss Margaret Doyle. Dave's 
first wife died in 1969 after a long illness. 
. . . H. Tyler Marcy, Director of Tech¬ 
nology of I.B.M. Corp. in Armonk, N.Y. 
has been elected president-elect and 
secretary of the Instrument Society of 
America. Tyler has been with I.B.M. since 
1951 and prior to his present position 
he was assistant to the president of the 
systems development division.— Al Gut- 
tag, Secretary, Cushman, Darby and 
Cushman, 1801 K Street, N.W., Washing¬ 
ton, D.C. 20006 

41 

Being new on the job as Class Secretary, 
I didn't realize I should have very guar¬ 
dedly used the press releases sent to 
me, and doled them out issue by issue, 
since there was a decided dearth of 
activity this month. Apparently your ac¬ 
tivities have been such that they were 
not designed for the press. ... I did 
hear on the radio that Howie Samuels is 
interested in extending his off-track bet¬ 
ting operations to other activities and 
I am sure Howie is going to “give it to 
me” for this. 

We have by now all received our discs 
from the Alumni Fund and hopefully you 
will all listen to it carefully, send in your 
donation, and include some personal data 
about yourselves. Just nore something on 
the flap of the envelope or insert a short 
note about your activities, and it will 
be forwarded to me. There are a lot of 
your classmates who are interested in 
hearing about you and if the information 
doesn't reach me there is no way to 
disseminate it. Your secretary is em¬ 
barrassed to find he forgot to respond 
to the drive last year, and as a result 
is not receiving copies of the Technology 
Review. I therefore have no idea what 
I have written the past two months. To 
guarantee sparkling information next 
month, please include those personal 
notes with your contribution. 

A special N.A.S.A. release on the pas¬ 
sing of Stanley Smolensky reached me, 
and I thought you would be interested 
in a personal quotation, "a hell of a 
nice guy.” We all concur about that. 
This release also suggests that contri¬ 
butions be made to the Heart Fund in 
Stanley’s memory. No doubt you have 
already sent notes to his family but if 
not, his current address as shown on our 
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R. B. Finch, ’41 


records was: 5710 Court Lane, New Or¬ 
leans, La. 

I brought to your attention last month 
Oscar Mapua's concern about a new 
president for the college in Southeast 
Asia which is so crucial to the develop¬ 
ment of technical personnel in that part 
of the world. Those of you who may 
know someone interested in this, please 
write to me and I will send whatever 
information I have, or write to Oscar 
personally at Mapua Institute of Tech¬ 
nology, Manila, Philippines. 

I am happy to report that Luke Hayden 
is recovering very well from that surgery 
of his, and his associates report he is 
working much more than they had 
thought possible after his serious sur¬ 
gery. Good news, Luke. . . . News has 
just reached us about Rogers Finch, 
who has had one of the most colorful 
careers of anyone in the Class of '41— 
from the Point Four program in Rangoon, 
Division of University Relations with the 
Peace Corps in Washington in 1961-1963, 
vice president of planning for Renssalaer 
Polytechnic University in Troy, N.Y., mem¬ 
ber of the faculty at M.I.T., not to men¬ 
tion being a brigadier general in the 
U.S.A.R. in his spare time. He has now 
been named the executive director and 
secretary of A.S.M.E. This will probably 
mean a move to New York City for 
Rogers, and we join in congratulating 
him on this well deserved honor and ap¬ 
pointment. 

See you next month. Send anything vital 
to me and I’ll try to get it to our class¬ 
mates. . . . Remember the Alumni Fund 
Drive and be thankful we have been 
able to help the current students en¬ 
joy many things that were not available 
to us.— Michael Driscoll, Box 1044, Nan¬ 
tucket, Mass. 02554 

43 

With deep sadness we report the un¬ 
timely death of Robert L. Lichten on 
September 18, 1971, following an auto¬ 
mobile accident near Dallas. Bob was 
director of advanced research for Bell 
Helicopter Co., where he had worked 
since 1948. He was immediate past presi¬ 
dent and chairman of the board of the 
American Helicopter Society and was 
considered one of the world's outstand¬ 
ing engineers in helicopter aviation. He 
was past president of the M.l.T. Club 
of Dallas, a member of the Educational 
Council for the past thirteen years, a 
past president of the Dallas Civil Liber¬ 
ties Union and a vice president of the 
Texas Civil Liberties Union. To quote 


from one of the letters sent to M.l.T. from 
people in Dallas, "This has been a stun¬ 
ning blow to Dallas—to all who loved, 
admired and respected this most unusual 
and wonderful man.” Our class sent 
condolences to Sue Lichten and her 
three sons. 

Last May our local papers carried an 
article about Roland Grandjent's geo¬ 
desic domes, and I lost it until now. His 
prototype model was 26 feet in diameter, 
constructed with triangles, using two-by- 
fours and exterior plywood. The article is 
most interesting. The homes are de¬ 
signed for vacation living, but I heard 
recently that they are expanding their 
operations to other types of uses for 
these unusual structures. If you are in the 
Granby, Conn., area, be sure to call 
Pete and see his domes. 

Ray Frankel, who is president of Tech¬ 
nological Investors Management Corp., 
(TIM), has been elected to the board of 
directors of D.P.F. Incorporated, one of 
the country’s largest third party lessors 
of data processing equipment. . . . 
Fumio Yagi wrote that he is presently 
group head of systems analysis at Grum¬ 
man Aerospace Corp. Both he and his 
wife are life masters of the American 
Contract Bridge League. . . . Since "new 
news” is a bit scarce this month, we've 
dredged up a bit of “old news” that 
somehow never got published! So, just 
sit back and make believe it’s this time 
last year! With apologies to all about to 
be mentioned. 

Edmund R. Swanberg was installed as 
a trustee of the United Presbyterian 
Foundation by J. Howard Pew, ’03, Presi¬ 
dent. Ned was elected as a Foundation 
trustee by the 182nd General Assembly, 
the denomination’s highest governing 
body. An active Presbyterian layman, he 
was one of the founding members of 
the First Presbyterian Church of New 
Canaan, Conn. Our well-known class¬ 
mate is a partner and vice president of 
Scudder, Stevens and Clark in New York 
City. This is a mighty fine honor, Ned, 
and my apologies for the delayed an¬ 
nouncement. 

Another clipping told us that Allyn W. 
Kimball, Dean of the Faculty at Johns 
Hopkins University, Baltimore, Md., was 
to return to full-time teaching and re¬ 
search there in July, 1970 . . . Stanley 
Proctor wrote a back-of-the-envelope 
report, “The A.O.C. Conference proved 
that trust and patience will go a long 
way toward a bright future—you guys 
are great!” Gee, Stan, thanks a lot! Are 
we considered Alumni Officers? . . . 
Leo A. Fitzpatrick sent in a clipping 
from the September 1970 issue of Diesel 
and Gas Turbine Progress in which War¬ 
ren L. Knauer's name was mentioned. 
Warren had just been promoted to di¬ 
rector of underhood and industrial prod¬ 
ucts operations in the Automotive Prod¬ 
ucts Division of Motorola Inc. I hope I 
got all that right, friends! The article men¬ 
tions that “The Automotive Products Di¬ 
vision has established a very substantial 
beachhead in new product areas. . . .” 
Perhaps you’d like to establish a beach¬ 
head with the Secretariat here, Warren, 
and tell us more! . . . Robert H. Handler 
reported from Mexico in 1970: “Now that 
two kids are married and the third is a 


sophomore at University of Kentucky, 
Marie and I are living, working, playing 
lots of golf and travelling in Mexico City.” 
Bob added that he is general director 
of an R.C.A. affiliate down there south of 
the border. If you send us a current re¬ 
port, Bob, we’ll put it in the hot-news 
department! 

Bernard S. Reckseit reported a year 
ago “have sold my business (D.L.M, 
Equipment Corp.) and am now operating 
as a consultant. Am doing machine de¬ 
sign, mechanizing operations and as¬ 
sembly lines. . . . also general business 
consulting and methods engineering.” 
By now, Reg, you may have added a few 
more business lines. ... An article in 
Science News included Edward N. 
Lorenz’s prediction from M.l.T. that “By 
the mid-1980’s atmospheric scientists 
should be able to reproduce an ice age 
in a computer. Such an achievement 
would be a significant extension of the 
work in numerical modeling of the atmo¬ 
sphere and of the ocean circulation now 
going on in several laboratories. In these 
techniques mathematical equations are 
used to simulate the behavior of the 
fluid envelopes." 

One item of recent vintage: George 
Feick, formerly with Arthur D. Little, 
joined J.B.F. Scientific Corp. of Burling¬ 
ton, Mass., about July 1, 1971. During a 
recent visit here with his wife, George 
told me that this company specializes in 
the development and manufacture of 
water-related equipment. Over the years 
J.B.F. Scientific Corp. has developed oil 
skimming equipment, oceanographic in¬ 
strumentation, sonar systems, and noise 
and vibration equipment, it is also con¬ 
ducting research under contract on 
stream and river aeration and on tech¬ 
niques to neutralize mercury pollution in 
sediments. Good luck, George, on your 
new endeavors—it’s about time you came 
across with some news! Once in 28 
years isn’t asking too much now, is it? 
A few others fit this category! 

Well, there you have it—the news of 
1970 mainly! This year we’ll take 1971 
and report on Around the World with 
Feingold and Kelly. So send in your news 
and spare yourself from ours. Happy New 
Year!— Richard M. Feingold, Secretary, 
266 Pearl St., Hartford, Conn. 06103; 
Jack Kelly, Associate Secretary, 34 Scud¬ 
der Rd„ Westfield, N.J. 07090 

47 

Trust that the New Year finds all happy, 
well and making great plans for 1972. 
Be sure that these plans include our 
25th reunion at the Institute in June. 

Received a very nice note from Scott 
Hoehn who plans to attend the reunion 
and asks for specific dates and times. 
Perhaps I have misplaced some mail 
but I don’t recall as yet receiving any 
such material from Arnold Judsen. I trust 
that it will be forthcoming shortly. Scott 
has been in business for 18 years in 
Miami, Fla. He is secretary of the Scott 
Smith Air Conditioning Co. In conjunc¬ 
tion with this work he is on radio and 
now TV for an hour each month answer¬ 
ing questions on the subject of air con¬ 
ditioning. During the programs M.l.T. 
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normally gets a plug as Scott’s appreci¬ 
ation of the Institute. He is very active in 
the Toastmasters Group in Coral Gables 
and encloses one of their latest bulletins 
which includes his picture which un¬ 
fortunately will not reproduce. It also 
includes an “Open Letter to a Teenager” 
which is a bit long to reprint but we can 
offer a few paragraphs: "Always we hear 
the plaintive cry ot the teenagers: What 
Can We Do? Where Can We Go? The 
Answer Is —Go Home! Hang the storm 
windows, paint the woodwork, rake the 
leaves, mow the lawn. Shovel the walk. 
Wash the car. Learn to scrub some floors. 
Repair the sink. Build a boat. Get a job! 
“Help the Minister, Priest or Rabbi, the 
Red Cross, the Salvation Army. . . . Visit 
the sick. Assist the poor. Study your 
lessons. And then when you are through 
... and not too tired ... read a book. 
“Your parents do not owe you enter¬ 
tainment. Your village does not owe you 
recreation facilities. The world does not 
owe you a thing. You owe the world 
something. You owe it your time and 
energy and your talents so that no one 
will be at war or in poverty, or sick, 
or lonely again. 

“In plain simple words: GROW UP! 
Quit being a cry-baby, get out of your 
dream world; develop a backbone, not 
a wishbone, and start acting like a man 
or lady.” Thanks for the letter Scott—will 
look toward to seeing you in Cambridge 
in June. 

From the clipping services we note that 
Bob Kingston recently gave a paper 
titled "Remote Heterodyne Detection of 
Gaseous Pollutants with Tunable Lasers” 
at the joint conference on sensing of 
environmental pollutants. The paper is 
concerned with smokestack effluent and 
I note that Bob has just moved from 
the M.l.T. lab in Lexington, Mass., to 
Youngstown, Ohio. I am not quite sure 
how to put it but I seriously doubt 
that in his new location Bob will need 
lasers to check on stack effluent. Maybe 
Bob can enlighten us on his new location 
and work. Drop us a line.—Dick O’Don¬ 
nell, Secretary, 28516 Lincoln Rd., Bay 
Village, Ohio 44140 

48 

Members of the Class of 1948 who regis¬ 
tered to attend the inauguration of 
M.I.T.’s new president were as follows: 
from Massachusetts, Fred Bailey, Lexing¬ 
ton; Robert Bliss, Wenham; Ken Brock, 
Medfield; Dr. Walter Kolton, Boston; Dr. 
John Little, Lincoln; Peter Richardson, 
Cambridge; Graham Sterling, Wellesley 
Hills; and Backman Wong, Wayland. 
From out of state there were three mem¬ 
bers: Denman McNear, Kentfield, Calif., 
James Rattray, Springfield, Mo., and 
William Bangser, Westport, Conn. 

George Wayne writes a newsy letter. 
He recently attended a meeting of the 
South Florida M.l.T. Club; Russ Law is 
president of the group. George has made 
a move to what sounds like the ideal 
homesite, "cars out front, boat at the 
back, and pool midway between.” His 
new address is 6925 Sunrise Court, Coral 
Gables, Fla. Look out for company, 
George! . . . Recently married: Joseph V. 


Yance to Janet B. Peters, at the M.l.T. 
chapel. . . . Ployer P. Hill is heading for 
Europe and a tour with Hq. U.S. Air 
Forces Europe in Wiesbaden. . . . 
Philip M. Lally has two sons in college, 
Steve a senior at Southern Methodist 
and James a freshman at the University 
of California, Santa Cruz. . . . Waller C. 
Moore is now a Captain, U.S.N. (Ret), 
and is teaching math at Virginia Beach 
Campus, Virginia Community Colleges. 

Ed Kosower is a professor of chemistry 
at the State University of New York. His 
wife, Nechama, is an associate professor 
of medicine at Albert Einstein College of 
Medicine. They have two children, David 
9, and Daria 6 . Ed has published nu¬ 
merous articles and two books, much of 
the work in collaboration with his wife. 

Richard C. Berry was recently elected 
Chairman of the Regional Advisory Coun¬ 
cil for the newly established Quinebaug 
Valley Community College. For several 
years Dick has been head of Research 
and Development at Rogers Corp. . . . 
William H. Brauer was elected to a 
second four-year term on the Board of 
Control, St. Paul’s College, Concordia, 
Mo. Brauer Supply Co. recently com¬ 
pleted a move into new 60,000 sq. ft. 
headquarters in St. Louis. 

A brief line on the back of Ed Kratovil’s 
Alumni Fund envelope sounds a good 
positive note; “looking forward to our 
25th in 1973.” Let’s hear that from more 
of you fellows! . . . Norman H. Kreisman 
wrote a more in-depth letter concerning 
his recent decision to resign as senior 
vice president of Responsive Environ¬ 
ments and work full-time this year in the 
presidential campaign of Senator 
Henry M. Jackson. “Anyone who under¬ 
stands his (Jackson’s) track record and 
has supported new technology and con¬ 
tinuing development of our engineering, 
scientific and managerial manpower can 
understand the kinds of concerns that 
we all have today and why we can look 
to a man like ‘Scoop’ Jackson.” Norman 
will be travelling around the country to 
gather support for Scoop Jackson's cam¬ 
paign, and hopes to call on many of his 
classmates.—S. Martin Billett, Secretary, 
16 Greenwood Ave. Barrington, R.l. 02806 
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These class notes come close on the 
heels of last month, as far as my con¬ 
tribution is concerned. The result is a 
shorter than usual column with only a 
few items, mostly from Alumni Fund en¬ 
velopes. 

William E. Dennis reports that he is now 
Chief, Operations Division, Second Dis¬ 
trict, U.S. Coast Guard, St. Louis, Mo. 
I must say, Bill, that this address con¬ 
fronts my stereotype that the Coast 
Guard belongs on the briny deep. I tend 
to forget about inland waterways, impor¬ 
tant as they are to our nation. . . . Denny 
Kalette is now business administrator, 
Pomfret School, Pomfret, Conn. . . . 
Fred W. Reusswig reports “On April 1, 
began new assignment as head of opera¬ 
tions division at Stanley Consultants. First 
six months have been exciting and chal¬ 
lenging. . . . Heard from Bob Grigg’s 
family and Maury Lynch recently that 


all is well with them. ... on the family 
front, daughter Pat, married in August, 
to complete undergraduate work this year 
at Iowa State; son Mike returns from 
air force service in January to resume 
college; son Dave a sophomore at Uni¬ 
versity of Iowa; daughter Cathy a sopho¬ 
more in high school.” . . . Finally, Harold 
Proctor has organized a new company, 
Gabriel Electronics, Inc., to purchase a 
division of his former employer, Mare- 
mont Corp. Harold holds the offices of 
president and treasurer. Gabriel designs 
and manufactures microwave communi¬ 
cation antennas. A new plant is under 
construction in Scarborough, Maine. 

A report as of October 5, lists the 
following 1949'ers as registrants for the 
President’s Inauguration: Anatol Bigus, 
Bill Edgerly, Len Newton, Kemon Taschi- 
oglou, Paul Weamer, and Warren Barr. 
Graduate attendees from the class: 
Chemical Engineering, Raymond Bad- 
dour; Naval Construction, Dean Horn; 
Physics, Benjamin Lax. . . . Gulf Oil 
Corporation reports that Wayne P. War- 
lick has been named general manager 
of Gulf’s Computer Sciences, Inc., a 
wholly-owned subsidiary. In this role, he 
will be responsible for the marketing 
of the company's marketable computer 
time, software, computer systems and 
related capabilities. 

Best wishes for the coming year to all 
in the Class of 1949. As Bob and Ray 
used to say, “write if you get work.”— 
Frank T. Hulswit, Secretary, 77 Temple 
Rd., Concord, Mass. 01742 

50 

William L. Carey's new appointment to 
operations planning manager of the Port¬ 
land General Electric Co., in Portland, 
Oregon, was effective in September of 
1971. He will report directly to the Presi¬ 
dent of Portland General Electric. . . . 
Jim Blackard reports that his wife and 
two oldest children are full-time students 
at the University of Washington. His two 
youngest children are in grade school. 
All in all, they tend to keep Jim on his 
toes. His job takes him up and down the 
coast from San Diego to Nome. Jim 
would enjoy meeting any old friends 
who live in his area. . . . Raymond G. 
Hawes tells us that he is presently the 
manufacturing engineering manager of 
the Fastener Division, U.S.M. Corp., 
Shelton, Conn. Visited sister plant in 
Birmingham, England, in January, hitting 
London for sight-seeing on two week¬ 
ends. Ray is also the chairman of In¬ 
dustrial Fastener Institute, Division I, 
Blind Rivets Technical Committee. He is 
married with two boys, 16 and 13, who 
think only of "wheels,” and a girl 10. . . . 
Thomas R. Eggert joined Huskin and Co., 
Denver, Colo., in March of 1971. He is 
involved in forming real estate group 
partnerships in Colorado. Tom’s family 
enjoys Colorado and is looking forward 
to the ski season.— John T. McKenna, 
Jr., 2 Francis Kelly Rd., Bedford, Mass. 

52 

Dick Lacey writes a sobering letter from 
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Palo Alto. “My friend, colleague and 
classmate Joseph H. Holloway died 
Saturday evening, September 25, 1971, 
at the Hoover Pavilion of Stanford Uni¬ 
versity Hospital. He had been suffering 
from a brain tumor. Joe was from Shaker 
Heights, Ohio, received a B. A. from the 
College of Wooster and an S. B. from 
M.l.T. in 1952, and a Ph.D. in physics 
from M.l.T. in 1956. 

After leaving school, he went to Na¬ 
tional Company to work on the develop¬ 
ment of cesium beam atomic frequency 
standards, the field that became his 
career thereafter. In 1960 he joined the 
Bomac Laboratories Division of Varian 
Associates where he was the principal 
designer of a series of cesium beam 
tubes that find widespread use in pre¬ 
cision timekeeping and frequency con¬ 
trol applications. In 1967 the cesium 
beam tube operation was acquired by 
Hewlett-Packard Company, and with them 
he developed a very small beam tube 
intended for aircraft collision avoidance 
systems. 

He had been living recently in Saratoga, 
Calif. He leaves his wife, Nancy, a son 
and daughter, his parents and a sister. 
I knew him to be a diligent, creative, 
considerate man, universally liked and 
respected by those who knew him. It is 
worth remarking that the nation's time 
and its frequency standard are kept with 
instruments in whose design he had a 
major role. 

Also from Dick comes a clipping from 
the Palo Alto Times describing the work 
of Dr. Zoltan Lucas, assistant professor 
of surgery at Stanford Medical Center. 
Dr. Lucas is involved in work on kidney 
transplants. Investigating and using 
techniques of medication for suppressing 
the body’s reaction to foreign tissue is 
his contribution. . . . Leith Holloway 
writes that he has spent some of his 
free time the past year working with 
Princeton groups involved in protecting 
and improving the environment. . . Harry 
Wenning has his own architects’ office 
in Hastings on Hudson and is doing all 
types of work. . . . Clifford M. Sayre, Jr., 
is now technical superintendent of Du¬ 
Pont's Pontchartrain Works near New 
Orleans. . . . Philip Thiel is continuing 
and expanding the development of his 
work on a time-based discursive nota¬ 
tion for the description of environmental- 
contingent experiences and for experi- 
enciable environments. 

If you like jams and jellies, you will 
no doubt have been reminded of Leonard 
Polaner on every supermarket trip. Lenny 
now writes that the past few years have 
been full for him. His family now num¬ 
bers four Children, ages 9 months, 5, 7, 
and 9 years. The oldest is a daughter; 
the others are all sons. He is president 
of M. Polaner and Son, the family-owned 
preserve, jelly and specialty food manu¬ 
facturer. Under Lenny's guidance the 
firm moved into a new 53,000 square 
foot plant in Roseland, N.J., in 1968. Also, 
he has developed new product lines 
that have helped the company to grow 
and make full use of the new facility. 

Charles G. Fletcher has been appointed 
to the post of president and general 
manager of Jerguson Gage and Valve 
Co., Burlington, Mass., a manufacturer of 
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C. G. Fletcher, '52 


liquid level gages and valves for power 
and process applications. Previously Mr. 
Fletcher was vice president and general 
manager of Jerguson. He lives with his 
wife, Carol, and four children in Win¬ 
chester, Mass. . . . Frank T. Wheby has 
been appointed an associate of Harza 
Engineering Co., Chicago. He is also 
head of the firm’s Underground Projects 
Division where his major present as¬ 
signment is design of part of the new 
subway system for Washington, D.C. 
Frank, his wife, Jude, and their two sons, 
Christopher 3, and Jonathan, 1 year, live 
in Evanston, III. 

Harold Tepper, executive vice president 
of Alliance Medical Industries, Inc., has 
been appointed building project coordi¬ 
nator for a new design for the Jewish 
Home for the Elderly of Fairfield County. 
Harold is secretary-treasurer of Fairfield 
County, Conn., M.l.T. Alumni Association. 
. . . Frank C. Wilson is senior research 
chemist in DuPont’s Plastics Department. 
. . . Harold T. McAleer is manager of 
custom products at General Radio Co., 
and is responsible for marketing, design 
and manufacture of custom-tailored test 
systems. He is also publicity chairman 
for the 20th reunion of the Class of 1952. 
. . . Donald Jaffe writes that he has been 
active in labor negotiations with teachers 
in his work on the East Penn School 
Board (Allentown, Pa.). September 30 
was the strike deadline! Donald’s oldest 
daughter, Nancy, has started her first 
year at Wellesley College and is hoping 
to get into some classes at M.l.T. next 
year. His other four children are in local 
schools, one in high, one in junior high 
and two in grade school. 

Don’t forget June 2, 1972! Class 20th 
reunion at Edgartown, Martha's Vineyard. 
See you all there.— Arthur S. Turner, 
Secretary, 175 Lowell St., Carlisle, Mass. 
01741 

55 

As the days are rather short at this time 
of year, I shall try to minimize your 
electric bill by keeping the column short. 
Of course, if you send me some news, we 
could all splurge another kilowatt. 

Samuel C. Goldman is now the chief 
engineer for all domestic nuclear opera¬ 
tions of the Picker Corp. He has also 
co-authored a series of papers in the 
IEEE Nuclear Science Transactions on 
the subject of computer processing of 
isotopic images. About a year ago Sandy, 
his wife Mary Glenn, and daughter Abi¬ 
gail abandoned apartment living for a 
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home in a rural setting in Bethany, Conn. 
At last telling, the Goldmans were con¬ 
centrating on the production of ceramic 
coffee cups and children. (No, not cer¬ 
amic children). 

Receiving Certificates of Appreciation 
last fall for their efforts on behalf of the 
1971 M.l.T. Alumni Fund were David K. 
Easlick, leadership gift chairman for In¬ 
diana, and Colonel Leonard R. Sugerman, 
Alamogordo regional chairman. Peter 
Toohy has been nominated for the M.l.T. 
Alumni Advisory Council. 

Alan Glueck wrote an article for the 
July 1971 issue of Chem Tech, arguing 
that computers are nice, but it helps to 
use your mind as a buffer stage. He is 
president of Chemical Technology Corp., 
and does consulting in applied chemistry, 
data mangement, and medicine. . . . Lee 
Zuker has been named general manager 
of Aircraft Radio Corp., the avionics- 
producing division of Cessna Aircraft Co., 
located in Boonton, N.J. Lee, who was 
previously a division manager with Allis- 
Chalmers Corp., holds a commercial 
pilot's license and has logged over 2,000 
hours of flying in various military and 
commercial aircraft. 

On the academic scene, Charles Ladd, 
who is a professor of civil engineering 
at M.l.T., headed a special summer pro¬ 
gram on soft ground construction. He 
found the program to be a lot of hard but 
rewarding work, and that it attracted 
participants from eight nations. ... At 
Duke University, Olaf Stackelberg has 
been appointed managing editor of the 
Duke Mathematical Journal. His wife Cora 
is teaching mathematics at Durham Tech¬ 
nical Institute. .. . During the past semes¬ 
ter, Martin L. Shooman has been a visit¬ 
ing associate professor in the Depart¬ 
ment of Electrical Engineering at M.l.T. 

A note from Mona Fuzzer informs us 
that Oswald apparently is being incarcer¬ 
ated in a mideast jail due to some mis¬ 
understanding over illegal agricultural 
products. Very little information is avail¬ 
able, and I must add that I haven’t 
heard from you, either.— Allan C. Schell, 
Secretary, 19 Wedgemere Ave., Winches¬ 
ter, Mass. 01890 

56 

Oops—missed you all last month, but 
here is a continuation of tidbits from the 
reunion. Just for the record, here are 
some more of the banquet awards. . . . 
Bird —Of course, Nelo and Eva Sehler 
were vying for the longest travel distance 
award only to be nosed out by Nick 
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Biever who made it in from Luxembourg. 
. . . Bicycle —John Morefield and Mary 
Anne, for being first out to the bicycles 
each morning. . . . Goll — Tom Hoffman 
and Dianne had the best score in 18 
holes (and were probably the only ones 
to play 18 holes). . . . Runner — Charlie 
Joyce —He got hit by a cab in Paris about 
six months before the reunion and was 
just getting back his street legs. He had 
just gotten out of the cast. . . . Winner 
or Champion— Ron Kiaer and Karen who 
went fishing at the reunion, caught two 
and had the hotel prepare them for their 
meal. . . . Wrestler — Dave Shefrin and 
Roberta Schwartz who were soon to be 
married. 

As usual, one of the interesting features 
of the reunion is learning more about 
our classmates’ current occupations. En¬ 
closed are a few vignettes: Harold Fried¬ 
man, Manager of the Electronics Depart¬ 
ment of Kurt Orban Co., an import-ex¬ 
port firm. . . . Jim Hamblet, President, 
Foundry Technology, Inc.—sells metal 
and does foundry work. . . . Jack Hof¬ 
mann, specialist in evaluating worldwide 
liquified natural gas projects for Standard 
Oil of New Jersey. . . . Harvey Levine, 
Manager, Turnkey Planning for Research- 
Cottrell—specialized in air and thermal 
pollution control equipment . . . Jack 
Rosenfeld brought his pretty Danish 
bride . . . Nelo Sehler, managing director 
of Acetogen Gas de Venezuela which 
manufactures and sells gas for metal¬ 
working ... Dr. Wolf Vieth has received 
recognition as chairman of a newly re¬ 
named “department of chemical and bio¬ 
chemical engineering” at Rutgers Uni¬ 
versity, the first department in the U.S. 
to adopt such a title. This curriculum 
recognizes the dual function and multi¬ 
disciplinary approach to chemical en¬ 
gineering. In the three years Wolf has 
been at Rutgers, enrollment in this course 
has increased from four to 104 students, 
grants have doubled, and several patent 
applications have been filed, two of 
which are under commercial develop¬ 
ment. 

According to our reunion questionnaire, 
33 of those who replied are involved in 
teaching. . . . Among those at the reunion 
were Tom Cleaver, who is a professor of 
economics at Villanova, and Max Plager, 
a mathematics professor at Roosevelt 
University in Chicago. Many of the wives 
have been teachers, and a number are 
now working in positions ranging from 
nursery school to an M.l.T. professor of 
German. The diversity of specialties that 
the wives teach includes music lessons, 
gourmet cooking, and making beaded 
flowers.—Cosecretaries: Bruce B. Brede- 
hoft, 3 Knollwood Dr., Dover, Mass. 
02030; Mrs. Lloyd Gilson, 35 Partridge 
Rd., Lexington, Mass. 02173 

57 

Happy New Year. Here is some of last 
year’s news. Pete Richards dropped us 
this note: "I am on leave from the Uni¬ 
versity of Kansas for 1971-1972 at Sandia 
Laboratories, Albuquerque. Since my last 
communication too many years ago we 
have a new daughter born in 1968, for a 
total of three children. Also, I was pro¬ 


moted to Professor of Physics in 1969." 
. . . Mrs. Richard Rosenblatt is now 

teaching mathematics at Horace Greeley 
High School in Chappagua, New York. 

. . . From Dominick Fortunato came this 
report: "The situation with us is pretty 
much the same as last time I wrote. 
Couple of new items: my wife Loreta ob¬ 
tained her license as a Registered Nurse 
in N.J. and has gone back to work in a 
hospital, on part-time basis. Now I’m 
taking a review course for the exam to 
obtain a licence as a registered profes¬ 
sional engineer in N.J. I’ve been pulling 
out some old books I haven’t looked at 
since leaving Tech.” 

That’s all for ’57. I’m waiting for those 
holiday greetings crammed with print¬ 
able and quotable news. Before closing 
I would like to add a note to any ’56ers 
who might glance at this column—my 
brother, John Morefield, had a tough bout 
with cancer but now is on the mend. He 
was fortunate to get surgery and treat¬ 
ment in time.— Fred L. Morefield, Secre¬ 
tary, Tiirasaarentie 17, Helsinki, Finland 

58 

Happy New Year and, for many of you, 
happy job change. Richard Tromel de¬ 
scribes his recent change: “This year I 
left the aerospace industry and moved 
from Canoga Park, Calif., to Troy, Mich. 
While the family has been getting used to 
Michigan weather, I have been learning 
the differences between R&D in the 
rocket engine and the truck component 
business.” . . . For those who may be 
trying to make a change, Harvey Rosen- 
field writes that he has gone into his own 
“personnel placement business spe¬ 
cializing in full-time and part-time 
placement for the data processing indus¬ 
try and related fields.” 

In attendance at the 1971 Mexico City 
M.l.T. Club Fiesta was Jose Luis Cubria 
Palma. . . . Keith Dawber will be on re¬ 
fresher leave in Australia, primarily in 
Melbourne, during 1972-73. . . . Among 
our recent degree gatherers was Gregory 
Hood who obtained his Ph.D. in physics 
from Boston University this past June. 
. . . Peter Lawes is an assistant professor 
of mathematics at Northern Illinois Uni¬ 
versity and recently attended an ad¬ 
vanced science seminar at Bowdoin Col¬ 
lege on the subject of combinatorial 
theory. Until 1970, Peter had been an 
assistant professor at Oakland University 
in Rochester, Mich. He and his wife, 
Patricia, are now residing in DeKalb, III. 
. . . Dante DiFranco writes that they now 
have two children, Ross Compton and 
Angelia Maria. . . . McClaran Jcrdan is 
currently serving as vice president of the 
M.l.T. Club of Oklahoma and has also 
been elected treasurer of the Oklahoma 
City Chapter of the Society for Advance¬ 
ment of Management. ... At the autumn 
meeting of the National Academy of 
Sciences in Washington, D.C., David 
Buhl presented a paper describing the 
molecular astronomy work being con¬ 
ducted at the National Radio Astronomy 
Laboratory.— Michael E. Brose, 199 Sud¬ 
bury Rd., Concord, Mass.; Antonia D. 
Schuman, 22400 Napa St., Canoga Park, 
Calif. 


60 

Here we go again. It's old Uncle Mike 
(Padlipsky), paying off another debt. This 
time, it’s a debt of Honor. (Hold the 
snickers, please.) Y’see, last Thursday I 
was off on a consulting expedition—to 
the toy department of the Porter Sq. 
Gilchrist’s basement, where I was being 
a technical advisor in charge of giving 
opinions on birthday presents for friend’s 
nephews, and on the way out happened 
to spot an ad for a sale lot of suits. So 
I picked up this four/five piece tweed 
(domestic) number (contrasting slacks, 
reversible vest sort of thing), which was 
just what I wanted to wear Friday. Nat¬ 
urally, for such vital functions as an 
emergency cuffectomy on a Thursday 
night the only thing to do was to call the 
World's Greatest Costume Expert. And 
when I told Linda that I probably owed 
her another Class Notes, she allowed as 
how she hadn't done any for quite a 
spell ... so here I am. (Oh yeah, the 
reason why I was able to buy the suit 
is that I’ve moved, and now have con¬ 
siderably more closet space; in the old 
place, I couldn’t have committed matri¬ 
mony or even had a longish term guest 
with anybody who owned more than two 
dresses. At least in the new place, I 
could. . . .) (Just for completeness, a 
second second thought: new place is still 
in Cambridge; I’m still at Project MAC.) 

Linda asks me to add that her writing 
has been limited to a book, a paper, and 
a dissertation in recent months. Regard¬ 
less of that, true though it be, I think 
I'll start with the following letter from 
Peter M. Silverberg: “Dear Linda: If the 
class secretary is not Linda Sprague 
please understand that I am out of touch. 

I have some interesting news about my¬ 
self. My stay at Pratt and Whitney Air¬ 
craft Division lasted six years, 1965- 
1971. During 1970 the general softness 
in Aerospace began to show up in sec¬ 
ondary effects; i.e., no new hiring, no 
raises, no promotions and constant ad¬ 
monitions of the need for attrition. While 
in no danger of layoff I was getting bored 
of the increasing clerical load of a once 
exciting job. Through an employment 
agency I made a connection and am 
now working as an engineer for General 
Electric—Large Steam Turbine and Gen¬ 
erator Division, Materials and Process 
Laboratory, Schenectady, N.Y. Ellie and 
I have bought a brand new house and 
the kids are now 4 (Lynn) and 7 (Lee), 
making even empty space useful." 

One other letter to deal with before 
getting on to the Lines from the Backs of 
Envelopes Department, this from a class 
officer, Burgess Rhodes. “In my First gen¬ 
eral soliciation as Class Agent, I made an 
indirect promise to post the answer to a 
problem in alumni giving in our class 
column of the Technology Review. In 
order to fulfill that promise and to re¬ 
port on my activities since leaving M.l.T. 
ten years ago, let me simply list a num¬ 
ber of facts. I will leave it up to you to 
assemble them in an appropriate format. 
[Would I argue with a good thing?— 
M.A.P.] 

“Entered the Graduate School of Mathe¬ 
matics at Lehigh immediately after 
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finishing at M.l.T; completed an M.S. and 
a Ph.D. in mathematics; for most of my 
years at Lehigh I taught full time, and, 
upon receiving my degree, I took a posi¬ 
tion as operations analyst/mathematician 
with Daniel H. Wagner, Associates in 
Paili, Pa.; married the former Audrey 
Rood (sister of an M.l.T. undergraduate 
friend); two children, Sandy, age 8 (stu¬ 
dent of jazz ballet) and Brian, age 5 
(professional frog hunter); for relaxation, 
the whole family enjoys camping. 

"Recently I assumed the very reward¬ 
ing role of Class Agent—and classmates, 
"$22.22, give or take a penny,” is the 
answer." Whoops, I almost overlooked 
another letter, this from Rick Faber: "I 
would like to offer my exciting chapter 
to the suspense-laden saga of '60. I am 
happy to report my promotion to Asso¬ 
ciate Professor of Mathematics at Boston 
College, effective September, 1971." 

And now on to L. from the B. of E.’s 
(which are, of Alumni Fund Pledge E.’s, 
and for which, thanks). Actually, the first 
one will probably get me into more 
trouble, but I don’t have the heart to 
paraphrase; “Hi Linda—Every time I 
read the Review I admire your devotion 
to duty and resolve to communicate. So 
now resolve is transformed into action. 
I received an M.B.A. from the University 
of Connecticut last June (1970) and I’m 
presently with Pratt and Whitney Aircraft, 
working on advanced control systems 
for fuel cell power plants. It’s pleasantly 
challenging and the recent aerospace 
funding cutbacks and an ‘exciting new 
dimension’ to this challenge. I’ve been 
back to the Tech campus a couple of 
times in the past year looking for familiar 
faces and found mainly unfamiliar build¬ 
ings instead. Most of the familiar faces 
don’t seem to write to you either and I 
wish they would. (That’s a hint to them.) 
Paul F. Berg.” . . . and from D. R. Wald- 
man, “After four years postdoctoral work 
at Harvard (and 15 in Cambridge), have 
emigrated to central New Jersey. Present 
position, Associate Professor, Department 
of Geological and Geophysical Sciences, 
Princeton University.” . . . From Jason L. 
Speyer: "Received Ph.D. in applied 
mathematics in March, 1968, from Har¬ 
vard. Am married to the former Barbara J. 
Sachs. Have a one-year-old son, Gil 
Avner, who will have a sibling in Septem¬ 
ber. Am working at Draper Lab. Live in 
Winchester.” 

Lawrence O. Booth is with Booth and 
Somebody who starts with an "N” whose 
name I can’t read Architects, 109 W. 
Harvard St., Chicago, III. Cheer up, if I 
could’ve read the name I wouldn't’ve 
plugged the address. . . . And another 
architect closer to home is Bill Bisson, 
who writes, "Currently ekeing my way 
thru pre-registered-architectural appren¬ 
ticeship. Good fun at times. Horrendously 
boring at others. Not lucrative enough 
to be worthy of mention. All in the game." 
. . . And architecture must remind us of 
Art (or so most of my architect friends 
would have it), and that reminds us that 
at the time she wrote on the back of the 
envelope Susan Schur was having an ex¬ 
hibit of some of her recent paintings 
and drawings at the M.l.T. Faculty Club. 
Matter of fact, I saw and enjoyed it, but 
it was a while ago as I recall. 


Now how about a paragraph on various 
kinds of analysts. William J. Nicholson 
joined Potlatch Forests in San Francisco 
as a planning analyst in the corporate 
planning group in May, and has settled 
in Ross, "a small town about fifteen miles 
north of San Francisco.” . . . Shel Ep¬ 
stein says, “I'm still analyzing new busi¬ 
ness opportunities at Brunswick. My wife, 
Suzy— Sam Latt’s sister—was promoted 
to Assistant Professor at Barat College 
in Lake Forest. Sam is on the verge 
of getting a Ph.D. in biochemistry at 
Harvard. Saw Milt Weiner several months 
ago in Cambridge. He’s getting married. 
Alan Shalleck is a vice president at 
Leasco Data Processing and Mark Dich- 
ter is making movies in N.Y.C.” . . . And 
from Robert L. Mullen, "Have recently 
moved to Massachusetts where I am 
now working on production control sys¬ 
tems as a senior systems analyst for 
American Optical Corp., in Southbridge. 
Would like to hear from classmates in 
the state, at Old Village Road, Sturbridge, 
Mass. 01966.” 

Two more envelopes; from Bruce Sil- 
berg, “Am presently enrolled as a mas¬ 
ter’s degree candidate at the University 
of Massachusetts, in computer science, 
a science which did not formally exist 
in the late ’50s, Word is that Voo Doo 
has folded. A shame, because humor 
helped keep your head ‘above water’.” 
. . . Then, last, and certainly least, is an 
envelope which simply says “Hi, Linda.” 
and is signed by one Christopher R. 
Sprague. 

Finally, a quick skim through the clip¬ 
pings. Charles McCallum, as chairman of 
the Metro-Services Committee of the 
Grand Rapids Chamber of Commerce, 
spoke on “C. of C. Home Rule Project” 
before the Grand Rapids Engineers’ Club. 
. . . The Maryland Academy of Sciences 
awarded a Distinguished Young Scientist 
certificate to Calvin S. Koonce (National 
Bureau of Standards). . . . Harry C. Wolf, 
3rd, President of Wolf Associates Archi¬ 
tects, received a National A.I.A. Honor 
Award, "the nations’ highest professional 
recognition for architectural excellence.” 

. . . Raymond R. Ambrogi was named 
plant manager at the North Bergen, N. J., 
Corning Glass Works plant. . . . Accord¬ 
ing to the Harvard Business School Bul¬ 
letin, “Mark Pratt has been named sales 
manager—aromatic chemicals at Enjay. 
His other activities include fixing up a 
48-year-old house in Hastings-on-Hudson, 
helping Marysue with the three children, 
the Riverview Manor Associates, and the 
Volunteer Fire Department." . . . M. C. 
Porter is author of a five-part series on 
Membrane Ultrafiltration in Chem Tech. 
. . . The White House has appointed 
Ray Waldmann as Staff Assistant to the 
President for Domestic Policy Planning. 
. . . And the one I've saved for last; 
Warren Van Genderen is president of 
I.S.I., San Francisco, manager of $600 
million in mutual funds and $500 million 
in insurance investments. 

Well, my back tells me that I’ve been 
hunched over the typewriter quite long 
enough—so Cheers for now, and please 
do write a lot of letters insisting that I 
not be allowed to do any more Class 
Notes to Linda G. Sprague, 10 Acorn St., 
Cambridge, Mass. 02139 
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Should auld acquaintance be forgot and 
never brought to mind—oh mighty Class 
of '62 where has flown the time? As the 
bells ring in the new year, 1972 brings 
to mind that exactly ten years from this 
June the fruits of our labors were recog¬ 
nized and we gratefully acknowledged 
the long-sought degrees that were be¬ 
stowed upon us. Many changes have 
transpired since that year—most 1962 
women seemed content to play the role 
of housewife or underpaid employee or 
maybe they just accepted it. Today 
women’s libbers seem to dominate every 
phase of American life, demanding 
equality and even though the family unit 
seems to be slowly disintegrating, 
through the high rise in divorce (now, of 
course, dissolution), cohabitation, or¬ 
ganized mate-swapping, we still find the 
majority of Americans striving to pre¬ 
serve the warmth and closeness that 
only committed relationships can provide. 
. . . Typifying the family unit, Barry Roach 
tells us that his wife Kate has retired 
from teaching, that they’ve recently 
moved to a new home in Portola Valley, 
of their newest and most special addi¬ 
tion, a belgian sheepdog named Crockett 
and his election to the partnership in 
McKinsey and Co. . . . New Papa Jeremy 
Goldberg proudly announces newborn 
cherub Devra llene and she in turn dis¬ 
closes that her Daddy was elected to 
third vice president of Titereth Israel 
Synagogue. . . . Also confirming the ca¬ 
pabilities of the 1962 men is Philip Nel¬ 
son, father of two little sons: Alex born 
last June 1 and Erik, age two. 

These past ten years have produced re¬ 
markable accomplishments in the field 
of medicine, especially in the realm of 
organ transplants, birth control and re¬ 
cently a serum that was developed that 
kills two types of cancer viruses in ham¬ 
sters and rats and is a potential cure for 
human cancer. . . . Serving for the next 
two years as a Cardiology Fellow at the 
Columbia Presbyterian Medical Center is 
Melvin Weiss who was formerly a fellow 
of the New York Heart Association. . . . 
Dr. Anthony J. J. Rourke, Jr. has served 
as Special Assistant to Director of Clini¬ 
cal Center National Institute of Health 
since August of 1970. 

There are, of course, some things which 
haven’t changed a bit, such as our pres¬ 
ence in Indochina and the perennial 
bickerings at the U.N. The military, 
though has slightly altered its image by 
becoming a smidge more tolerable and 
even showing some understanding of the 
human character, although the lack of 
support in and purpose of the ever- 
lingering war has slowly forced these 
modifications. . . . We have heard from 
Donald W. Horner who was promoted to 
Lieutenant Commander of the U.S. Navy 
in March last year. ... No one has to tell 
us of the growing inflationary problems; 
each one of us has had our pockets 
burned to some degree—wages may 
have been frozen but not promotions and 
we have word from James G. Brandely 
that he has been named manager of 
research of the Sun Oil Co., in Philadel¬ 
phia. . . . Since September of '69, Rurik 


112 Technology Review, January, 1972 



Halaby has been an associate in the 
investment banking department at Paine 
Webber in N.Y. . . . Winn F. Martin has re¬ 
cently taken the position of systems 
manager for the mobile housing group 
of Boise Cascade Corp., besides marry¬ 
ing the former Miss Patricia Van Wezel 
in March of 1971. 

Perhaps one of the most changing sys¬ 
tems in the United States is education. 
Students have incorporated the first 
amendment into their way of life, de¬ 
manding rights through protest while in 
comparison, ours was an era of ac¬ 
ceptance and tranquility. . . . Harold 
Metcalf is presently teaching introduc¬ 
tory physics (recall 8.01 and 8.02 any¬ 
one?) and offers true empathy to his 
Professors Kingard and Kranshaar by 
acknowledging that ‘‘they really earned 
their pay in 1958-59!” . . . We con¬ 
gratulate Dushan Mitrovich who received 
his Ph.D. from the Graduate School of 
Arts and Sciences at Harvard University 
last June. 

The field of technology has offered 
some of the most exciting achievements; 
outstanding is the moon walk and the 
orbiting satellites which transmit televi¬ 
sion from all points in the world. . . . also 
characteristic of the changing times is 
the ‘‘computer syndrome” that grows 
more prevalent with the adaptation of 
the computer into all phases of business. 

. . . Alan Kotvic, Consulting Engineer at 
Digital in Maynard, Mass., has recently 
completed the design of the latest PDP- 
10 processor. . . . J. W. Devanney ana¬ 
lyzed the following question for the 
American Chemical Society's fall meeting 
in Washington, D.C.: "Under what condi¬ 
tions would a type A fish protein concen¬ 
trate be an ingredient in an economically 
efficient protein supplementation pro¬ 
gram for a developing country?” all of 
this being incomprehensible to me, I 
conclude—“It sounds a little fishy to 
mel”— Gerald L. Katell 122 North Maple 
Dr., Beverly Hills, Calif. 

64 

This month has produced three Class 
Heroes. One of these is Pete Angevine, 
who wrote me the following comment 
from Ridgefield, Conn.; “You say you’ve 
been practicing law for four years and 
really enjoying it. Well, when we bought 
our house, we got a bill from our lawyer 
that tells me why you enjoy it so much!” 
Ah, if only all us lawyers could send our 
bills to Pete. . . . Jack Downie writes 
that he and his wife Darlene have moved 
to Asheville, N.C., where he and another 
former co-employee of DuPont have es¬ 
tablished their own corporation called 
Asheville Plastic Services, Inc. The cor¬ 
poration is engaged in the fabrication 
of thermoplastic and thermosetting ma¬ 
terials by the injection molding process. 
Jack hopes to service the southeastern 
industrial market with expansion to na¬ 
tional accounts. . . . David Saul and his 
wife Susan have announced the birth of 
Michael Adam Saul of October 27, 1971, 
who weighed in at 7 pounds, 9 ounces. 

As for news of others, Charles Abzug 
has completed his Ph.D. in physiology at 
New York Medical College and has now 


started postdoctoral work at Rockefeller 
University in the field of the vestibular 
system. . . . David Hoover, Executive 
Director of the Framingham, Mass., Rede¬ 
velopment Authority, has been appointed 
as one of nine Loeb Fellows by the Har¬ 
vard Graduate School of Design. This ap¬ 
pointment will result in further educa¬ 
tion in the field of advanced environ¬ 
mental studies. . . . Ned Block is a post 
doctoral fellow in the M.l.T. psychology 
department, following his Ph.D. in phi¬ 
losophy from Harvard. . . . Joe Boling is 
working on his M.B.A. at University of 
Washington, where he is also teaching 
R.O.T.C. He and his wife Louis now have 
three children. ... Ed Casper is teach¬ 
ing chemistry and health at Salesian High 
School in New Rochelle while his wife 
Gale is employed by Travelers Insurance 
Co. . . . Bruce Crocker is at Stanford 
Business School working on his M.B.A. 
He and his wife spent last summer in 
Boston where he was working for the 
Boston Consulting Group . . . Bill Hoffman 
is project engineer at Aerospace Sys¬ 
tems, Inc., a corporation founded a year 
ago by himself and other M.l.T. alumni 
and staff. . . . Robert Johnston is chief 
resident in ophthalmology at West Haven 
Veterans Administration Hospital. He and 
his wife have two children. . . . Alton Otis 
has completed his course work toward 
a Ph.D. in computer science at the Uni¬ 
versity of Illinois. He is now working as 
director of software development for 
Xebec Systems in Mountain View, Calif. 

. . . Leonard Parsons has co-authored an 
article in the May-June, 1971 issue of 
Operations Research and co-edited a 
book on Marketing Models: Quantitative 
Applications. . . . John Rainier and his 
wife had their second child, Kathryn 
Virginia, last April 26 . . . Chris Ritz is 
professor of computer science at Thomas 
More College in Covington, Ky. 

Allison Russell received his Ph.D. at the 
University of Illinois and is now engaged 
in post doctoral work in the physics de¬ 
partment at the University of British 
Columbia. . . . Joshua Singer is an as¬ 
sistant professor of physiology at the 
University of Massachusetts Medical 
School in Worcester. He received his 
Ph.D. in physiology at Harvard in June of 
1970. . . . Andy Silver is an assistant 
professor of film at Brandeis University. 
. . . George Sullivan (Mike) is establish¬ 
ing a small business consulting practice 
in Palo Alto, Calif. During the past sev¬ 
eral years he has co-authored a NASA 
technical note on satellite attitude con¬ 
trol systems, visited the Congo and Viet¬ 
nam as an airborne army officer, and 
picked up an M.B.A. at Stanford. 
. . . Gary Walpert and his wife Ellen have 
moved to New York, where he has joined 
the patent law firm of Fish and Neave. 
Ellen is studying for her own law degree. 
That’s the news this month. Let me hear 
from you.—Ron Gilman, 5209 Peg Lane, 
Memphis, Tenn. 38117 

65 

The column is thin again—I guess be¬ 
cause the fall peak in alumni fund con¬ 
tributions (and envelopes) is over. If you 
don’t send news, I can’t report it. So 


once again, please write! 

Dave Moran reports that he received 
his Ph.D. in hydrodynamics from Univer¬ 
sity of Iowa last May. Dave is now work¬ 
ing at the U.S. Naval Ship Research and 
Development Center in Carderock, Md. 
He says it’s a civilian job and that they 
call him a naval architect. Dave and 
Susan now live in Rockville, Md. . . . Ed¬ 
win Kampmann plans to finish his Ph.D. 
thesis in the next few months (perhaps 
by the time you read this). His topic is 
planning for solid waste post-collection 
management for an urban area. Ed is 
another of the outing activity-types (like 
your secretary) and has recently started 
leading trips for organizations out that 
way. . . . Peter Kiock is still working on 
a Ph.D. at Johns Hopkins (biophysics) 
and says he is not trying to set a record 
for duration nor working toward tenure. 
William Mogensen was married on 
November 7, 1970 to the former Kathleen 
Low in their hometown of Elizabeth, N.J. 
Bill is teaching and working on his 
Ph.D. in materials science at Rutgers. 
The Mogensens went to Hawaii on their 
honeymoon and stopped in California on 
their way back to visit Bob Dausch. Bob 
and his wife Mary are living in a new 
house in Fountain Valley (near L.A.) with 
their daughters Christine and Marianne. 
(Thanks to Bill for news of a classmate.) 
... In January, 1966, George Herzlinger 
married the former Regina Elbinger (also 
’65). Both Herzlingers received Ph.D.’s 
last summer—George in physics from 
M.l.T. and Regina in business from Har¬ 
vard. George is now an instructor in 
physics at Tech and Regina an assistant 
professor at the Harvard Business 
School. Are there any other classmate 
marriages in our class? 

Leo Lake was married to the former 
Mary Beth Rasey of St. Paul on June 19, 
1971. John Currano was a groomsman. 
Leo is now finishing his thesis for a Ph.D. 
in physics at the University of Min¬ 
nesota . . . Barbara and Charles Rail re¬ 
port the birth of a new son, Christopher 
James last February. Charles works for 
Bellcomm, Inc., and is doing Bell System 
research rather than space studies. . . . 
Dick Bator reports a lot of news this 
year. In December, 1970 he joined Azrex 
and last March was promoted to vice 
president. Also in March, Fran and Dick 
bought a garrison colonial house in West- 
ford, Mass. On October 16, the Bators 
had their second son—Jeffrey Brooks 
Bator. All in all, an eventful year. . . . 
Dave Crawford is in Leeds, England 
working as a consultant to the English 
subsidiary of J. I. Case Co. Dave has 
been in Leeds since February 1971 and 
recommends working overseas as a great 
experience. . . . Frank Mechura is pres¬ 
ently the Chicago district sales manager 
for the corrugated division of Continental 
Can Co. . . . The Reverend Richard Arm¬ 
strong is doing research for the Harvard 
University Administration and teaching 
two courses at St. Anne’s School in 
Arlington, Mass. 

Bill Alves was nice enough to send a 
letter elaborating on his experiences on 
Mt. Ritter last June (reported in the Oc¬ 
tober/November Review). Bill spent a 
month last summer vacationing in Alaska 
and the Yukon after he recovered from 
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his four days out in the snow and cold. 
He reports that his experience as a 
winter mountaineering leader for the 
M.l.T. Outing Club served him in good 
stead the first stormy night that he had 
to spend in a snow cave at 12,500 feet 
without a sleeping bag. After that he at¬ 
tributes his survival to a “naturally stub¬ 
born nature” that kept him plugging away 
for three days until he reached civiliza¬ 
tion. Bill returned to Mt. Ritter the first 
weekend in October intending to climb 
it solo by the same route and piece to¬ 
gether what happened. However the first 
“winter" storm of the season preceded 
him by a few days and made the climb 
too risky, so he climbed neighboring 
Bonner Peak instead. Bill says he got 
good views of Ritter from Bonner but that 
the climb of Ritter will have to wait until 
this summer. (Thanks to Bill for spending 
the time to report his thoughts on the 
climb and his subsequent attempt.) 

The MITRE complex is populated by a 
few more classmates these days. Matt 
Mleziva is working as a civilian for the 
Electronic Systems Division of the air 
force and has an office in the complex. 
... Ed Burke joined the technical staff 
of MITRE during the summer and has an 
office near mine. Ed is a leader in a 
variety of after-hours outdoor activities. 
The writing of this column (in early No¬ 
vember) was interrupted when I went 
out to a Burke-organized game of soccer. 
Ed will probably be able to walk to¬ 
morrow (Monday) but I’m not sure I 
will.— Steve Lipner, Secretary, 3703 
Stearns Hill Rd., Waltham, Mass. 02154 

67 

Our Fifth Reunion will be held during 
the weekend of June 2, 1972. I hope that 
many of you will plan to travel to Cam¬ 
bridge for this event. Mike Zuteck has 
news that is of special interest to sailing 
alumni. He went to Canada to sail in the 
Tornado Class at the C.O.R.K. (Canadian 
Olympic-training Regatta-Kingston) meet. 
He compiled a 4-2-1-1-1 record and won 
the class with a 2 - 1 - 1-1 record, fourth 
place being the throw-out. Mike found 
his four years on the Tech sailing team 
very helpful in tactics and light wind; 
the calculus of variations and optimiza¬ 
tion was useful in attaining optimum 
boatspeed. . . . Alan Hausrath sent the 
following letter: “On July 15 I defended 
my thesis at the Division of Applied 
Mathematics at Brown. Although I won’t 
receive my piece of paper until next 
June, I officially became a Ph.D. on 
the date of the defense. On August 17 
I married the former Miss Anne Stites 
of Pembroke College. I presently have 
an appointment as an assistant professor 
in the Department of Mathematics at 
University of Pittsburgh.” . . . Richard 
Cutler received an M.A. degree in phi¬ 
losophy from New School for Social Re¬ 
search in New York City and is currently 
a teaching assistant for the Philosophy 
Department of Boston University. 

Greg Wight married the former Miss 
Tamara Finlaw April 3, 1971. He has been 
promoted to Captain, U.S.A.F., and is still 
stationed at G.E. Engine Plant, Cincin¬ 
nati. . . . Meredith and Alan Dubin are 


the proud parents of Elizabeth Gail, born 
June 1, 1970. The Dubins recently bought 
a home in Glastonbury, Conn.; Alan is 
still with United Aircraft Research Labs. 
. . . George Starkschall plans to complete 
work for his Ph.D. in chemical physics 
at Harvard by the end of this academic 
year. . . . Bill Giock married the former 
Miss Carol Kitchura of Floral Park, N.Y. 
The Glocks live in Great Neck and work 
for Sperry Systems Management, Carol 
as a computer programmer and Bill as 
an engineer. . . . Robert Gann received 
an M.B.A. from Northwestern in June, 
1969, and has since been employed in 
the Management Science Division of 
Northern Trust Bank in Chicago. In De¬ 
cember, 1969, he married Betsy Scott 
(Wellesley ’69). . . . Neil Steinmetz com¬ 
pleted medical school at Chicago and 
has returned to Boston where he is 
an intern at Beth Israel Hospital. He is 
looking forward to renewing friendships 
with classmates still in the Boston area. 
Neil writes that he saw Eric Coe, who 
is enjoying his internship in Pittsburgh. 

Raymond Giglio writes: "I have left 
(escaped?) the aerospace industry and 
am working for an electric utility in 
Augusta, Maine. Most of my work is 
on pollution abatement and other en¬ 
vironmental matters; I finally got a 
chance to do some actual work in this 
field. Marsha and I are spending all 
our spare time mountain climbing, back¬ 
packing, playing tennis, etc., and we 
are quite happy. Hope you are well.” . . . 
Douglas McCraith received his M.S.E.E. 
from M.l.T. in June, 1970. He is working 
at Lincoln Laboratory in ambulatory 
health care delivery. . . . Alan Hirsch re¬ 
ports that he and Kenneth Dritz, ’66, are 
still working at Argonne National Labora¬ 
tory in systems analysis and program¬ 
ming. Alan has been measuring the per¬ 
formance of various computing systems, 
one of which may be acquired by 
Argonne. Ken and Alan spent 12 days in 
August on a canoe trip in Quetico Park, 
Ontario, "getting away from it all.”. . . 
Richard Haberman finished his Ph.D. 
thesis in applied mathematics at M.l.T. 
last summer. He then spent three weeks 
driving across the country to Univer¬ 
sity of Caifornia, San Diego, to accept 
a post-doctoral appointment as an as¬ 
sistant research geophysicist in the In¬ 
stitute of Geophysics and Planetary 
Physics located on the cliffs overlooking 
the beach in La Jolla. He will also be a 
lecturer in Department of Aerospace and 
Mechanical Engineering Sciences.— 
Jim Swanson, 508 Thompson Ave., Moun¬ 
tain View, Calif. 94040 

68 

We now have two Sc.D's in the Marcus 
family as I finished my thesis about a 
month and a half after Gail. We cele¬ 
brated the occasion by going to Europe 
and have just returned after a seven- 
week trip. We bought a Saab 99 in 
Stockholm and drove about 4,500 miles 
visiting Oslo, Frankfurt, Bern, Geneva, 
Paris, Normandy, London, Brussels, 
Amsterdam, and Copenhagen. It was a 
great trip and our only problem was that 
it’s a little chilly in northern Europe in 


October and November. However, it gets 
cold in Boston too, so we didn’t let it 
bother us too much. While in Frankfurt 
we visited Joanne (’71) and Art Cole and 
their daughter Gwen who live in the 
small town of Braunschardt while Art is 
stationed at Rhine-Main A.F.B. He was 
recently promoted to captain and works 
odd hours supervising the loading and 
unloading of planes. It’s not a very inter¬ 
esting job, but they really enjoy living in 
Germany on the local economy While 
in Bern we visited Alberic Muller 
(S.M.'71) and his family. Alberic showed 
us around Switzerland from one end to 
the other. Now that the trip is over we 
are awaiting employment. It looks almost 
definite that we will be in the Washing¬ 
ton, D.C. area, however many details 
have yet to be arranged. 

We are happy to report the marriage of 
Margaret Eikrem to Robert Keller 
(Ph.D.’70) on October 2, 1971 at La 
Canada, Calif. . . . Also in the Milestones 
category, Deborah and Russel Silverman 
report the birth of a boy, Aaron Joseph, 
on June 28, 1971. In August the family 
moved to Miami where Russel is as¬ 
sistant administrator of the Green Briar 
Nursing Center. 

It seems like large numbers of class¬ 
mates leave the environs of M.l.T. for 
a short trip up the river to the other 
school in Cambridge. This June Harvard 
awarded degrees to the following mem¬ 
bers of our class: Ali Allawi —M.B.A., 
Ben Cox —J.D., Virginia Fano —M.A.T., 
Phillip May —Ed.M., Paul McCreary— 
M.A.T., Mike Rodburg— J.D., Clyde Ret- 
tig —M.B.A., Steve Swibel —J.D., and 
Tom Uribe-Mosquera —M.B.A. 

Dennis Noson writes that after a three- 
year interruption due to the draft he Is 
again beginning graduate studies in 
oceanography, “this time with a wife and 
more wisdom to help me succeed. . . . 
Bill Lamb is working as a research as¬ 
sociate in ocean engineering. . . . Don 
Batchelor is a full-time student as he 
finally turned 26. He is a research as¬ 
sistant at the University of Maryland’s 
Institute for Fluid Dynamics and Applied 
Mathematics. . . . Tessa Orellana spent 
last summer in Colombia studying tropi¬ 
cal medicine. She is now in her last 
year at Harvard Med and is spending the 
year doing research in viral oncology. 
She plans to go into pediatrics. . . . 
Rick Rudy is a process control engineer 
with G. E. involved in making artificial 
lungs for use during heart-lung by-pass 
in surgery. During the summer he sang 
with the Tanglewood Festival Chorus and 
he has joined the Octavo Singers, per¬ 
forming major choral works in Schenec¬ 
tady. . . . Finally, Dennis Sager has taken 
a leave of absence from MITRE to return 
to the sacred halls of our alma mater 
for a master’s in aero/astro. . . . That’s 
all for this month. Remember to drop us 
a line.— Gail and Mike Marcus, c/o 
Technology Review, Room El 9-430, 
M.l.T., Cambridge, Mass. 02139 

69 

I have received another large batch of 
notes from our classmates. I hope I con¬ 
tinue to be "flooded” with mail. Be sure 
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to keep me posted on your activities. 

Certificates of Appreciation were 
awarded this fall to 104 alumni whose 
efforts on behalf of M.l.T. in the 1971 
Alumni Fund were outstanding. Thank- 
yous and congratulations for making the 
drive a success go to dames P. Truitt, 
Jr., our class agent, and Alan Rabinowitz, 
course agent for the graduate school of 
city planning. 

Wedding Bells 

Jeff Weissman was married to Miss Linda 
Fleder on June 27, 1971. Linda is a 1970 
graduate of Boston University. After 
teaching for one year at Brookline High 
School, Mass., and being declared 
physically unfit for the draft, Jeff is cur¬ 
rently studying law at New York Univer¬ 
sity Law School from whom he has re¬ 
ceived a Root-Tilden Scholarship. . . . 
Gary B. Hirsch was married in August of 
1971 to the former Miss Linda Verdun, 
a psychology graduate of Jackson Col¬ 
lege and the University of Pennsylvania. 
Gary received his S.M. from the Sloan 
School of Management in June of 1971 
and is presently working as a consultant 
with Pugh-Roberts Associates, Inc., Cam¬ 
bridge. His work primarily consists of 
studies in such social problem areas as 
crime, narcotics, and inadequate health 
care. ... In a classmate marriage, Jack 
Hirsch and Ame Street exchanged wed¬ 
ding vows on December 21, 1969. Jack is 
currently a graduate student in physics 
at Harvard University while Ame is a 
graduate student in ocean engineering at 
M.l.T. ... Carl R. Bozzuto was married on 
September 18, 1971, to the former Miss 
Alexandra Ratynski of Andover, Mass. 
They are presently residing in Windsor 
Locks, Conn. . . . Alan Davis reports he 
will soon be joining the ranks of the 
young marrieds. After seven years he 
and Miss Lynda Robinson have become 
engaged. Alan is presently in his third 
and hopefully last year of Ph.D. studies in 
computer science and is anxiously await¬ 
ing the snow to continue his winter ac¬ 
tivity of being a certified ski instructor at 
Park City, Utah. 

Graduate Degrees and Continuing 
Education 

Among the approximately 4,000 candi¬ 
dates awarded degrees by Harvard Uni¬ 
versity on June 17, 1971, were the fol¬ 
lowing classmates: Denis A. Bovin, 
M. B. A., Harvard Business School; David 
Chanoux, M.B.A., Harvard Business 
School; Richard W. Dorman, M.B.A., 
Harvard Business School; William Green¬ 
berg, Ph.D., John F. Kennedy School of 
Government; Gene K. Landy, A.M., Grad¬ 
uate School of Arts and Sciences; An¬ 
thony K. Lima, M.B.A., Harvard Business 
School; Robert J. Listfield, M.B.A., Har¬ 
vard Business School; and John F. Wal¬ 
ters, M.B.A., Harvard Business School. 

Those continuing their pursuits for ad¬ 
vanced degrees include the following: 
Michael McNutt has started his third 
year at the University of Illinois working 
towards his Ph.D. in solid state elec¬ 
tronics. Mike adds that he wishes some 
of his “old fraternity brothers would 
write in to Technology Review occa¬ 
sionally." . . . James Sicilian is still work¬ 
ing on his Ph.D. at Stanford University in 


nuclear engineering. . . . Michael E. Solin 
is in his third year at Yale University 
School of Medicine. His wife Enid is a 
management employee at the South New 
England Telephone Co. . . . Eugene F. 
Mallove entered the Harvard School of 
Public Health in September, 1971, for a 
program of study leading to the degree 
of doctor of environmental health, 
science, air pollution control. His wife 
Joanne is working toward her master’s 
degree in applied piano at Boston Uni¬ 
versity. . . . Mark I. Ostler is "still plug¬ 
ging away" at a Ph.D. in polymer science 
at Case Western Reserve University in 
Cleveland, Ohio. Mark lost his “bachelor¬ 
hood” in August when he married the 
former Sandy Barnes of Cleveland in 
Las Vegas, Nev. 

Richard Parker, his wife Susan, and 
their sons Joel, 3, and Jeremy, 2 months, 
are at Texas A and M University where 
Dick is working on his Ph.D. in oceanog¬ 
raphy. He left M.l.T. directly after gradua¬ 
tion in 1969 for Texas A and M and 
reports he still has not gotten over the 
cultural shock. . . . Robert Harry Parker 
attended Cornell University after graduat¬ 
ing in 1969 and received his master’s 
degree in June, 1970. He is now em¬ 
ployed by the Rand Corp. in their infor¬ 
mation sciences department. . . . Jeffrey 
S. Passel is working on his Ph.D. in 
sociology at the University of Texas at 
Austin. . . . Gregory E. Peacock is now 
working for Hughes Aircraft while seek¬ 
ing his master’s degree at U.C.L.A. on a 
Hughes Fellowship. . . . George A. Powch 
has completed his M.S. in electrical en¬ 
gineering at Stanford University while 
working for Hewlett-Packard in Palo Alto, 
Calif. In September, George entered the 

M. B.A. program at Harvard Business 
School. . . . Roy F. Quick, Jr., is currently 
at the Carnegie-Mellon University in a 
Ph.D. program in electrical engineering- 
biotechnology. Roy was named as an 

N. S.F. summer intern and was in Wash¬ 
ington working for N.S.F. during July and 
August. On August 15, 1971, Roy ex¬ 
changed vows with the former Ellen Kauf¬ 
man, a 1970 graduate of Wellesley Col¬ 
lege, in Pittsburgh, Pa. 

Evan P. Sampatacos was married in 
August, 1969, to the former Lori Mcllvin, 
a 1969 graduate of Drew University. He 
is presently working for Martin Marietta in 
Denver, Colo., doing testing in their hy¬ 
personic wind tunnel. . . . Robert A. 
Schaeffer reports he has finally "been 
weaned from mother Institute.” After four 
years as an undergraduate and two more 
as a D.S.R. staffer in the Unified Science 
Studies Program of the Education Re¬ 
search Center, Bob has become field 
secretary for MASS PAX. "More impor¬ 
tantly” Bob married the former Elaine 
Coughlin on September 5, 1971. . . . 
David Silverman is presently in the de¬ 
partment of chemical engineering at 
Stanford University. Having successfully 
passed his qualifying exam, Dave is now 
doing research in bio-engineering for his 
Ph.D. Dave reports the weather in Cali¬ 
fornia “sure beats that of the East Coast” 
to which I’ll add "Amen.” . . . George C. 
Slusher received his master’s and me¬ 
chanical engineering degrees from M.l.T. 
in February, 1971. He is now serving on 
active duty in the U.S. Air Force at the 


Air Force Flight Dynamics Laboratory at 
Wright-Patterson AFB, Ohio. He is doing 
work on advanced simulation techniques, 
particularly for the Control-Configured 
Vehicle program which will demonstrate 
benefits which may be had in aircraft 
performance by including sophisticated 
control systems in the initial stages of 
aircraft design. George has also recently 
purchased a horse—an eight-year-old 
Morgan gelding. . . . John R. Smith is 
“still employed" by Hughes Aircraft In 
Fullerton, Calif. He expects to receive his 
M.S.E.E. in computer engineering from 
U.S.C. in the spring of 1972. John also 
reports becoming crazy about skiing 
since taking it up in January. 

Silvia Sorell has passed her preliminary 
exams for the doctoral program in phys¬ 
ics at Berkeley. This past summer, she 
worked in a biochemistry laboratory at 
Weizmann Institute in Israel. . . . James J. 
Stone reports he has “been raising sing¬ 
ing frogs for Mayor Kevin White's cam¬ 
paign.” . . . Michael P. Timko entered 
basic training in the U.S. Air Force at 
Lackland A.F.B., San Antonio, Texas, on 
June 23, 1971. . . . John L. Usher re¬ 
ceived his master's degree in nuclear en¬ 
gineering in August, 1971, and will con¬ 
tinue on towards his Ph.D. at the Univer¬ 
sity of Florida. . . . Lee Van Slyke 
married the former Donna Lynne Kramer, 
a 1971 graduate of Simmons College. He 
and his wife are now happily living in 
suburban New Jersey. . . . Hal R. Varian 
has started his third year of graduate 
school at Berkeley and is working on a 
master's in mathematics as well as a 
Ph.D. in economics. . . . Don Vawter is 
now working for his Ph.D. in bioengineer¬ 
ing at the University of California—San 
Diego, where he has a research assis- 
tantship from the department of medi¬ 
cine. Earlier, he had received his S.M. 
from M.l.T. in 1970. . . . Eben Walker 
received his master’s degree from the 
Sloan School in June, 1971, and entered 
the army on August 1, 1971. After a 
three-month stay with the army, Eben will 
leave for Djakarta, Indonesia, where he 
has accepted a job with the Indonesian 
Government which is sponsored by the 
Ford Foundation. Eben would like any¬ 
one in the Djakarta area to look him up. 

After graduation, Mitchell Wand took off 
for Stanford University to study in their 
computer science department. Disliking 
it intensely, he returned “to the womb of 
the Mother of Technology in January, 
1970.” In June, 1970, he married the 
former Barbara Freedman of Milford, 
Mass., a member of the class of 1972 at 
Brandeis University. While on a six-month 
reserve duty from October of 1970 until 
April of 1971, Mitchell was trained to be a 
combat engineer which he reports "is 
somebody who walks in front of the in¬ 
fantry looking for land mines.” While 
employed as a mathematician by the 
Artificial Intelligence Laboratory of M.l.T., 
he is working towards his Ph.D. in mathe¬ 
matics. . . . Allen Wiegner is in the U.S. 
Public Health Service, working for the 
National Institute of Mental Health in 
Bethesda, Md. Allen “heartily recom¬ 
mends the Public Health Service as a 
means of fulfilling one’s military obliga¬ 
tion in a non-military, apolitical manner." 
. . . Robert K. Wiener joined the research 
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staff at the Draper Laboratories after 
graduation. Subsequently, he was laid 
off along with 149 other workers at IL-7 
in July. Since there was no prospect for 
technical jobs in his view, Bob did the 
only natural thing—he formed his own 
company. Bob will send more informa¬ 
tion along “if I make some money.” . . . 
Mark Wuonola has been working on a 
history of Delta Chapter of Theta Xi of 
which he was a member at M.l.T. Mark 
hoped for distribution of his research to 
his house's alumni in early summer. 

Other Notes 

Stephen Dreher, 3rd, is presently working 
for Applied Management Corp., a busi¬ 
ness management consulting firm in Den¬ 
ver, Colo., as a statistician (“even though 
I've never had a statistics course!”). 
Steve is also working for an engineering 
and surveying firm doing surveying and 
calculations. . . . William Bengen is cur¬ 
rently employed by the Seven-Up 
Brooklyn Bottling Company as an en¬ 
vironmental projects director. He is help¬ 
ing to set up a glass collection and re¬ 
cycling program as well as analyzing 
raw materials and supplies used by the 
company to provide for maximum reuse 
and recyclability. Bill is of the opinion 
that the beverage industry has been un¬ 
fairly treated by the press for its con¬ 
tribution to solid waste which is in a 
relatively small proportion. 

Bruce H. Parker is currently serving as a 
platoon leader and motor officer for a 
combat engineer company in Karlsrube, 
Germany. He is attempting to get trans¬ 
ferred to a section which uses computers 
which Bruce expects to be a long, up¬ 
hill struggle. . . . Richard A. Pinnock is 
presently serving as the squadron com¬ 
munications officer in the 2/14 Armored 
Cavalry Regiment of the U.S. Army 
located in Bad Kissingen, Germany. 
Thomas J. Lamb, of Arthur D. Little, Inc., 
Cambridge, spoke at the tenth annual 
conference on air pollution control at 
Purdue University this fall. The con¬ 
ference is designed to inform and up¬ 
grade industrial engineers and others 
responsible for monitoring and control of 
fuel, boiler, and stack effluents. . . . The 
President’s Inauguration Resistrants List 
as of October 5, 1971, included Niels O. 
Larsen, Robert Lotz, David E. Burmaster, 
and Mildred A. Hastbacka. 

Those of us who doubt if anyone ever 
wins those crazy contests which con¬ 
stantly are being held will take note of 
the following news from John M. Gon- 
siewski: "Believe it or not, people do 
win contests! In August I went to London 
and Paris courtesy of Kent Cigarettes. 
What started out as a feeble use of my 
time (one had to make up all the words 
one could from the phrase 'Kent Mi- 
cronite Filter Cigarettes') ended up in a 
bonanza. I took along my good friend 
Clifford Hollander. Since winning, I’ve 
been entering contests like mad, to 
little avail.” 

That does it for this time around. Write 
me, and who knows, but perhaps Tech¬ 
nology Review will be running a contest 
sometime in the future. Prizes would, of 
course, include the following: First prize 
—one free year of study at M.I.T.; Sec¬ 
ond prize—two free years of study at 


M.l.T.— Richard J. Moen, Secretary- 
Treasurer, 412 Hastings Hall, Cambridge, 
Mass. 02138 

70 

Boston has just had its first snowfall 
of the long winter season. Laura has 
been playing for the Gilbert and Sullivan 
Society. Robert is readying his ski 
equipment for the slopes. Mayor White 
was re-elected. The Phoenix and B.A.D. 
made national news. Governor Sargent 
made a quick visit to the Sloan School. 

“Cauliflower is nothing but cabbage with 
a college education.. 

It was nice to hear from Robert W. 
Powell who is presently a graduate stu¬ 
dent at Penn State. Robert was married 
in his senior year at M.l.T. He also was 
a very good lacrosse defenseman. . . . 
Thomas Devine is studying hard, here 
at M.l.T., on his doctorate from the 
metallurgy department, investigating me¬ 
tallic medical implants. His wife, Trisha, 
is working as a secretary in the mechan¬ 
ical engineering department. . . . David H. 
Hall married the former Nancy Bouchard 
and is presently working on a Ph.D. in 
neurochemistry at Caltech. . . . Thomas 
H. Derby, 3rd, and A. M. (Sandy) 
Harlow, Jr., are pursuing master’s de¬ 
grees at the Sloan School. ... A month¬ 
long tour of Europe followed the marriage 
of Alain J. Hanover and the former Carol 
Mackta (Simmons ’70). Alain is seeking 
his Ph.D. from Harvard. ... A big 
“welcome” has been sent out by 
James R. Spooner from his residence 
in Nebraska. He is attending graduate 
school at Johnny Carson’s alma mater. 

After spending a year working for Un¬ 
derwriters’ Laboratories, Jack Confrey 
decided to get an M.B.A. from University 
of Chicago. Drop a line to us about that 
jazz you've been playing lately. . . . 
Robert G. Gerber writes that he has 
completed the master's degree program 
in construction management at Stanford 
University. He is presently working for 
Consumers Water Co., Portland, Maine. 
. . . Another graduate of Stanford is 
Howard Hoffman, in environmental en¬ 
gineering. . . . Steven C. Smith is in 
the five-year program at M.l.T. Annie 
Smith, formerly Miss Kivisald ’71 is help¬ 
ing with the finances by teaching out 
in Wellesley. 

“We have medicines to make women 
speak; we have none to make them keep 
silence.. 

Ronald J. Palinsky is completing his 
second year at Dartmouth Medical 
School. He married the former Barbara 
Spangler in late August, 1970. . . . Both 
Mike Theerman and Maxim Daamen are 
studying at Tufts Medical School. . . . 
James C. Liang writes that he is en¬ 
rolled in the medical school at the Uni¬ 
versity of California at San Diego, while 
Wayne R. Porter is starting his clinical 
clerkships at Duke Medical School. 

“It is impossible to enjoy idling thor¬ 
oughly unless one has plenty of work 


to do. . . (or) to work, and back to bed 
again.. 

Joseph Di Liberto after receiving his 
master's degree from Harvard accepted 
a research position with Western Electric 
Research Center in Princeton, N.J. . . . 
Teaching physics and chemistry occupies 
most of George E. Biehl’s time except 
for some occasional skiing and climbing. 
. . . Also teaching and enjoying it tre¬ 
mendously is Frank Guillot. Frank and 
his wife agree with W. C. Fields about 
Philadelphia. . . . Donna A. Hill and her 
husband, Herman “Butch” Hill, are living 
in Wayland on Lake Cochituate. She is 
working for Computer Systems Engineer¬ 
ing as an analyst. . . . Steven C. Cham¬ 
berlain, after leisurely finishing his thesis 
in economics, has found insurance selling 
and chess playing in Atlantic City more 
to his liking than driving a Cambridge 
cab. . . . David “close-call” G. Luchaco 
is helping the environment by working 
for Bendix Corp., on emission controls 
for internal combustion engines. ... I sat 
and talked with John Vliet while attending 
the North-South All-Star Lacrosse game 
played at Tufts this summer. John is 
working traveling and superintending an 
apartment house on Beacon St. 
Congratulations to our class officer, 
Pamela Whitman, for being elected to the 
M.l.T. Corporation for a five-year term. 
She is presently teaching at Shirley In¬ 
dustrial School for Boys. . . . Carl 
Yankowski having received bachelors’ 
degrees in VI and XV is working as an 
analyst for Proctor and Gamble in Cin¬ 
cinnati. He and Sandy Griffith (Jackson 
70), who is presently attending medical 
school at University of West Virginia, 
plan to wed early in June. . . . Also 
working at P. and G. is Wayne Wenger, 
who seems to be enjoying bachelor life. 
The class noters would like to get a 
little something from P. M. M., Jr., 
J. R. C., J. R. H. and E. J. C. Letters 
of wisdom have already been received 
from Archie Bunker and R. M. N.— 
Laura Malin, Secretary, 406 Beacon St., 
Boston, Mass. 02215; Robert Owen Ve- 
geler, Class Executive Committee Officer, 
511 Beacon St., A-9, Boston, Mass. 02215 
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he M. I. T. Alumni Association—Spring 72 

lumni Seminar Series 

seminars, workshops, and short courses comprising the continuing-education program of the 
IT. Alumni Association are planned by volunteer committees of M.l.T. alumni who are experts in 

ir fields. 


ie objective is for alumni to share with one another the latest thinking and techniques on a variety 
subjects important to them. Subjects are chosen primarily in response to the expressed desires of 
[jmni, and the content of each program is tailored to specific needs. The common theme is an infe¬ 
cted perspective on each topic through the medium of experienced alumni helping other alumni in 
fir endeavors. 


Fees: Registration fees cover: Enrollment and attendance 
in a program; Reading materials; and Meals (meals not 
included in the Entrepreneurship Workshops and the Prob¬ 
ability course). Spouses and other guests are welcome to 
the Saturday dinner in all two-day seminars for an addi¬ 
tional fee as follows: New York—$12.00 per person; all 
other cities—$7.00 per person. Overnight accommoda¬ 
tions are not included in the fee. Information on local 


facilities will be provided to all registrants. Each registrant 
must make his own hotel arrangement where necessary. 

To Register: To register, please use the attached en¬ 
velope. Complete the form on the envelope, enclose your 
remittance, and return. This form can be used for any 
seminar, workshop, or course, or any combination of 
them. Additional information on each program will be sent 
to all registrants as it becomes available. 


Howto Start and Operate 
a Small Business 

In response to a continuing demand, the M.l.T. Alumni 
Association once again presents this timely, practical 
seminar for alumni who are: 

• Entrepreneurs starting new ventures. 

• Managers in young, independent business firms. 

• Managers in new ventures of established companies. 

• Consultants and technical specialists who desire an 
exposure to the fundamentals of business management. 

• Individuals who provide services to new enterprises. 
Conducted during a single weekend, the seminar focuses 
attention on the problems of getting into business and 
staying there under present economic conditions. Topics 
to be covered include finance, marketing and product 
development, production, accounting and control, attract¬ 
ing and holding staff, managerial style, and law. 

Most speakers and discussion leaders will be alumni 
entrepreneurs or businessmen who work with entre¬ 
preneurs. Group discussions, enabling registrants to 
raise questions or problems, will play a prominent role in 
all meetings. 

Cities A Dates: New York: March 4, 5, 1972 

Boston: March 11, 12, 1972 

San Francisco: Mav 6. 7. 1972 

Fees: Alumni —$40.00/person; Non-alumnl —$80.00/person 

Managing a New Enterprise 
in Today's Economy 

Directed toward the same audience as the seminar "How 
to Start and Operate a Small Business,” this Entrepreneur- 
ship Workshop was developed for those who wish to 
study the subject In greater depth and who could meet 
on several different weekends. A workshop, while gen¬ 
erally similar to a seminar in content and format, will 
offer a registrant five additional benefits: 1. Longer time 
devoted to individual topics, made possible by having four 
meeting days Instead of two; 2. ReceiDt of a specially- 
prepared 50-page set of notes containing topic outlines 
and annotated reading lists; 3. Receipt of approximately 
25 articles and booklets; 4. Unlimited privilege of attend¬ 
ing Workshop sessions in cities other than where the 
registrant is enrolled; 5. Opportunity to be listed in and to 
receive a copy of the 1972 M.l.T. Entrepreneurship Regis¬ 
ter, a source of information about alumni who are entre¬ 
preneurs or are interested in entrepreneurship. 

Each workshop consists of seven sessions, scheduled as 
follows: 

Cities A Dates: Boston, Washington, D.C., and Los Angeles 
March 4. 1972 (Session 1) 

March 25. 1972 (Sessions 2 and 3) 

April 8. 1972 (Sessions 4 and 5) 

April 29, 1972 (Sessions 6 and 7) 

Fees: Alumni —$90.00/person; Non-alumnl —$180.00/person 


Energy: Society vs. Technology? 

This seminar Is designed for alumni who have a profes¬ 
sional Interest In understanding the dilemmas of planning 
future energy use. and also for those who as concerned 
citizens want an understanding of the key issues. 

With the demand for energy raoldly outpacing the supply, 
this nation approaches an eneray crisis. The challenges 
of locating, processing and marketing new energy re¬ 
sources are compounded by the involvement in decision¬ 
making of numerous oublic and orivate agencies and by 
the added environmental constraints which we are now 
beginning to understand. Coordinated planning toward an 
equitable national energy policy is imperative. 

It is with a sense of urgency that this seminar addresses 
itself to the problem of providing energy for the future. It 
repeats the unique and high'y successful seminar on the 
subject held last May In Boston by bringing together 
representatives of the fuel Industries, government and 
the private sector to consider how mutual goals can best 
be furthered. Underlying the discussion will be a realiza¬ 
tion of energy's fundamental contribution to 20th century 
life. 

City A Date: Washington, D.C.: April 15, 1972 

Fees: Alumni —$40.00/person: Non-alumnl —$80.00/person 


Probability-A Self-Study Course 

"Probability” Is a graduate level, self-study course. Even 
a cursory survey of engineering today reveals the wide¬ 
spread applicability of probability theory in almost every 
aiscipline. Such diverse fields as Systems Analysis, Ran¬ 
dom Processes, Decision Theory, Statistics, Quality Con¬ 
trol, Automatic Control, Modern Management, Cybernetics, 
and Statistical Mechanics all have one common under¬ 
lying structure—Probability Theory. The professional who 
lacks an understanding of probability is handicapped. 
The student who masters these principles, however, will 
find himself prepared to branch out Into these and many 
other probability-based subjects. 

Aimed at those who wish an introductory or refresher 
course, "Probability" will benefit anyone who can pass 
the pre-test—practicing engineers and industrial scien¬ 
tists, senior executives, technical managers, technicians, 
and college students. The amount of time an individual 
devotes to "Probability" depends upon his background, 
time constraints and objectives. You can take it for a 
sound grounding, or as an overview or audit, depending 
on your individual needs. The course will consist of 
eight evening sessions, two hours each, during February 
and March. 

City A Dates: New York: February, March 1972 

Fees: Alumni-—$ 90.00/person; Non-alumnl— $240.00/person 

Technology and the Economy 
in the 70's 

• Where will the opportunities in technology lie In the 
1970’s? 

• What areas of research are projected for the future by 
private and public sectors; where will they find funding? 

It is the purpose of this seminar to bring together experts 
from industry, government, and the academic world con¬ 
cerned with those areas of technology which are likely to 
be of paramount significance in the 1970’s. Large indus¬ 
tries project long range plans based on the evaluation of 
future needs; the Federal Government has announced the 
New Technical Opportunities Program which will establish 
priorities for research and development; and universities 
are assessing new programs of study and research. The 
participants In this seminar, all of whom have been In¬ 
volved in establishing future priorities, will discuss gen¬ 
eral economic forecasts as well as specific technological 
opportunities in numerous fields including: computers, 
energy, communications, transportation, building con¬ 
struction, services, chemicals, electronics, and aerospace. 
Cities A Dates: Los Angeles: (tentative) March 18, 19, 1972 
Boston: March 25, 26, 1972 

New York: April 21. 22, 1972 

Fees: Alumni—% 40.00/person; Non-alumnl —$80.00/person 

The Future Character 
of the Urban Fringe 

As the intensity of urban land use increases, no longer is 
there room for human negligence In the use of this most 
precious resource. Your fellow suburban residents are 
making the decisions today that will determine the shape 
of our towns and neighborhoods In the 1980’s. How can 
you become involved in the decision-making process and 
affect the direction our land use will take? What can we 
learn from the baffling social, legislative, and economic 
trends of 1971 so that we may plan for tomorrow more 
wisely? Though not easily formulated and even less 
easily answered, these questions deserve our careful con¬ 
sideration whether we be city planners, public officials, or 
citizens who will have to live with what tomorrow brings. 
‘The Future Character of the Urban Fringe" investigates 
factors which will shape the character of our future living 
with the aid of technical innovations now becoming avail¬ 
able. The seminar will examine the praomatic facts— 
economic trends, population statistics, legislation, political 
realities—and then probe the options open for us in the 
future. Experts in the areas of government and private 
planning will stress our stake in the quality of life in the 
1980’s. 

City A Dates: Boston: April 29, 30. 1972 

Fees: Alumni— $40.00/person; Non-alumnl— $80.00/person 


Use the envelope to register for any or all of the programs... 



opportunities in new technologies? 
probability theory & real applications? 
the urban fringe & its problems? 
how to start & operate a small business? 
providing energy for the future? 
entrepreneurship & its problem areas? 

Here's your 
chance to do 
something... 

Learn the answers to questions you have on these subjects... he 
the opinions of authorities in these fields...discuss the implication 
You’ll have this opportunity with the new Spring 72 M.l.T. Alum 
Seminar Series...short courses and workshops covering topics 
interest for your career and your community. More details and regi 
tration information are on the inside of this cover. 




